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I, William E. Beschomer, declare as follows: 

1 . I am named as an inventor of the subject matter claimed in Serial No. 10/527,587. 
Carlos E. Sosa and Scott C. Thompson are non-signing inventors of the subject matter claimed in 
Serial No. 10/527,587. I am an applicant under 37 C.F.R § 1.47(a) by petition granted on 
October 27, 2006. I am President and Chief Scientific Officer of Ximerex, Inc., to which this 
application is assigned. My curriculum vitae is attached as Exhibit 1. 

2. All work described in this declaration was performed in the United States. 

3. Before November 2, 1999, we conceived of a method of engrafting foreign 
replacement cells within a fetal non-human mammal. The method involved steps of selectively 
destroying native cells in a tissue of a fetal non-human mammal host without substantially 



reducing the number of maternal cells of the same tissue and then implanting foreign 
replacement cells in the tissue of the fetal non-human mammal host. Using this method, the 
foreign replacement cells would replace destroyed cells of the tissue. 

4. Exhibit 2 is a copy of a grant application which we submitted to the National 
Institute of Standards and Technology Advanced Technology Program (ATP) for funding in 
March 1999 and which describes this method. For example, paragraphs 6 and 7 on page 1 
describe culturing human hepatocytes in pre-immune fetal pigs and providing a growth 
advantage to the human cells by selectively targeting pig cells for destruction by selectively 
expressing suicide genes in the pig cells. Paragraph 7 explains that the suicide genes encode 
proteins that convert non-toxic prodrugs into toxic drugs and include thymidine kinase and 
cytosine deaminase. 

5. The following paragraphs demonstrate our efforts to reduce this method to 
practice, which involved the following stages: 

• demonstration of hepatocellular chimerism in wild-type pigs; 

• design of constructs used to prepare transgenic pigs; 

• improved techniques for hepatocyte administration; 

• development of transfection techniques for making transgenic pigs; 

• development of mouse transgenic model; 

• development of improved constructs for optimized expression; 

• creation of transgenic animals containing a suicide gene; 
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• creation of transgenic pigs containing the mutated thymidine kinase suicide gene; 
and 

• preparation and filing of a provisional patent application which describes the 
method and how to carry it out. 

6. The Exhibits to this Declaration are true copies of the original documents except 
for the addition of text to identify the documents and brackets to assist in locating the portions of 
the Exhibits which are discussed below. 

Demonstration of Hepatocellular Chimerism in Wild-Type Pigs 

7. Between March 1999 and June 1999, we infused human hepatocytes into wild- 
type fetal pigs and determined that the growth was limited due to competition from native pig 
hepatocytes. 

8. Exhibit 3 is a copy of laboratory notebook page 37, dated March 17, 1999, which 
describes preparation of human hepatocytes. 

9. Exhibit 4 is a copy of laboratory notebook page 189, dated March 17, 1999, 
which describes injection of human hepatocytes into the livers of fetal pigs of Sow #75. 

10. Exhibit 5 is a copy of laboratory notebook page 201. The entry dated May 22, 
1999 notes that Sow #75 delivered three live piglets as well as five stillbom and one mummified 
fetus. 

1 1 . Exhibit 6 is a copy of notebook page 202, dated May 26, 1999, which documents 
euthanasia of the three live piglets and assessment of their livers. 
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12. Exhibit 7 contains copies of laboratory notebook page 204, dated June 9, 1999, 
and page 205, dated June 10, 1999, which report the results of histological examination of the 
piglets' livers. See paragraphs 1-3 on notebook page 204, the table on notebook page 205, and 
the histology photographs on pages 206 and 207 dated June 13, 1999. 

13. Exhibit 8 is a copy of laboratory notebook page 210, dated June 13, 1999, which 
reports that PCR experiments confirmed the presence of hepatocellular chimerism in the spleens 
of piglets delivered from Sow #75. 

14. Exhibit 9 contains copies of laboratory notebook pages 70 to 72, dated May 24, 
26 and May 28, 1999, which record the results of histological and PCR analysis of piglet spleens 
for the presence of human hepatocytes. 

15. Exhibit 10 is a portion of a Small Business Innovation Research grant application 
submitted to the National Institutes of Health in August 1999. The third paragraph on page 3 of 
Exhibit 10 (page 18 of the grant application) reports that measured levels of the human proteins 
alpha- 1 antitrypsin (AAT) and serum amyloid A (SAA) indicated the presence of human 
hepatocytes in the three live piglets. 

16. Exhibit 11 contains copies of pages 4-11 and 4-12 of an ATP grant application 
dated March 7, 2000 and provides data which demonstrates that human hepatocytes proliferated 
in the spleens of piglets delivered from Sow #75. See the bracketed section of the table on page 
4-12. 
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Design of Constructs Used to Prepare Transgenic Pigs 

17. Between March 1999 and April 2000, we designed and made constructs encoding 
suicide genes such as thymidine kinase and marker proteins such as green fluorescent protein 
(GFP) to use in making the transgenic pigs. 

18. Exhibit 12 is a copy of a laboratory notebook page dated January 2000, which 
records diagrams of constructs. See the bracketed portion at the center of the page. 

19. Exhibit 13 is a copy of page 24 of an ATP grant application dated April 13, 1999. 
The bracketed paragraph describes the development of transgene constructs and vectors. 

20. Exhibit 14 is a copy of page 4-17 of the ATP grant application dated March 7, 
2000. The bracketed paragraphs discuss several strategies for using our suicide gene approach. 

Improved Techniques for Hepatocvte Administration 

21. Between June 1999 and November 1999 we improved our methods of preparing 
human hepatocytes and developed more effective techniques to improve pig viability after 
infusion of human hepatocytes into fetal pigs. 

22. Exhibit 15 is a copy of laboratory notebook page 215, dated June 20, 1999, which 
describes the results of pig viability studies. 

23. Between July 1999 and October 1999, we used our improved techniques to 
implant hepatocytes into fetal pigs. The improved techniques gave higher SAA levels compared 
to previous approaches. Exhibit 16 contains copies of laboratory notebook pages which describe 
experiments which resulted in improved piglet survival. Notebook page 235, dated July 21, 
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1999, documents injection of Sow #316 with hepatocytes. Notebook page 236, dated July 22, 

1999, documents injection of Sows #107 and #173 with hepatocytes. Notebook page 246, with 
entries from August 27, 1999 to September 8, 1999, documents gestation of the pig fetuses. 
Notebook page 251, with entries dated September 29, 1999 to October 5, 1999, notes on October 
4, 1999 that the piglets were doing well and gaining weight. Notebook page 253, dated October 
11, 1999, also notes that pigs #3, 4, and 6 were still doing well. 

24. Exhibit 17 contains copies of laboratory notebook pages which document 
validation of the ELISA assay to measure SAA levels and application of the assay to piglets from 
sows These experiments in Exhibit 17 were carried out between August 2, 1999 and January 12, 

2000, for example on August 2 (notebook page 41; Exhibit 17, page 1), August 4 (Exhibit 17, 
page 2), August 6 (Exhibit 17, page 3), August 10 (Exhibit 17, page 4), September 10 (Exhibit 
17, page 5), September 15 and 17 (Exhibit 17, page 6), September 22 and 24 (Exhibit 17, page 
7), October 15 (Exhibit 17, page 8), October 15, 18, and 20 (Exhibit 17, page 9), October 27 
and 29 (Exhibit 17, page 10), and November 1 1 and 19 and January 12 (Exhibit 17, page 1 1). 

25. Exhibit 18 is a copy of page 4-12 of our ATP grant application dated March 7, 
2000, which summarizes the experiments described in Exhibit 17 for piglets 316-1, 316-2, 316- 
3, 361-1, and 361-2 (bracketed section of the table on page 4-12). SAA levels were higher for 
those piglets than piglets 75-1 to 75-6, which were made using the older protocol. 

26. Between October 1999 and January 2000, we monitored survival of the human 
hepatoc)^es in pig livers and determined that while the hepatocytes were not rejected rapidly, 
they gradually died over time. Exhibit 19 summarizes the results of experiments showing 
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decreased survival as monitored by decline in SAA levels. Data from piglet 316-6, for example, 
illustrates the decline in SAA production from 250 ng/ml to zero between October 4, 1999 and 
January 12, 2000. 

Development of Transfection Techniques for Making Transgenic Pigs 

27. Between January 2000 and June 2000, we developed transfection procedures 
using retroviral vector technology and appUed it to pigs. We used retroviral vectors to transfect 
genes into porcine PK-15 cells to establish that nuclear transfer technology would work in pigs. 

28. Exhibit 20 contains pages from a laboratory notebook that describe experiments 
optimizing PCR conditions to develop vectors. The bracketed section on page 79, dated April 
28, 2000, shows that we obtained PCR product using an extension temperature of 61°C. These 
experiments in Exhibit 20 were carried out between April 4, 2000 and June 2, 2000, for example 
on April 4 (Exhibit 20, page 1), April 5 (Exhibit 20, page 2), April 6 (Exhibit 20, page 3), 
April 7, 10 (Exhibit 20, page 4), April 25, 26 (Exhibit 20, page 5), April 26, 27 (Exhibit 20, 
page 6), April 28 (Exhibit 20, page 7), May 1 (Exhibit 20, page 8), Between May 1 and May 3 
(Exhibit 20, page 9), May 3, 4 (Exhibit 20, page 10), May 5 (Exhibit 20, page 11), May 8, 9 
(Exhibit 20, page 12), May 10 (Exhibit 20, page 13), May 1 1 (Exhibit 20, page 14), May 12, 13 
(Exhibit 20, page 15), Between May 13 and May 24 (Exhibit 20, page 16), May 24, 25 (Exhibit 
20, page 17), May 29, 30 (Exhibit 20, page 18), May 31 (Exhibit 20, page 19), June 5, 6 
(Exhibit 20, page 20), June 7 (Exhibit 20, page 22), June 8, 9, 12, 13 (Exhibit 20, page 23), 
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June 14, 15 (Exhibit 20, page 24), June 19 (Exhibit 20, page 25), and June 20, 22 (Exhibit 20, 
page 26). 

29. Exhibit 21 contains pages of our ATP grant application dated March 7, 2000. 
Page 4-2 of the application describes administering pro-drug to sows. Page 4-12 of the 
application (bracketed paragraphs) reports that we achieved continued expression of the GFP 
marker gene over a three week period in PK-15 cells trans fected with the retroviral vector. 

30. Between July 2000 and January 2001, we developed multiple transgene constructs 
and identified promoters that allow both universal and liver-specific expression of proteins in 
pigs. Exhibit 22 contains notebook pages describing our design for constructs encoding 
cytosine deaminase and GFP. These experiments in Exhibit 22 were carried out between 
November 2000 4, 2000 and January 2001, for example on November 9, 13 (Exhibit 22, page 
1), November 14 (Exhibit 22, page 2), November 13 and 14, December 6 and 20 (Exhibit 22, 
page 3), December 6 (Exhibit 22, page 4), November 20, 30 (Exhibit 22, page 5), November 13, 
20 (Exhibit 22, page 6), November 14, 17 (Exhibit 22, page 7), November 15, 16, 17, 20, 21 
(Exhibit 22, page 8), November 16, 28, 29, 30 (Exhibit 22, page 9), and November 28, January 
10 (Exhibit 22, page 10). 

3 1 . Exhibit 23 contains pages 3-5 of a quarterly progress report for our ATP grant for 
November/December 2000. The report identifies promoters for universal and specific 
expression and discusses additional constructs. Bracketed paragraph 4 on page 4 describes four 
constructs. 



8 



32. Exhibit 24 is a diagram from a presentation given on July 13, 2000 and illustrates 
a transgene construct designed to demonstrate expression of suicide genes and green fluorescent 
protein expression in liver and control tissues. 

Development of Mouse Transgenic Model 

33. Between June 2000 and December 2001, we developed a transgenic mouse hybrid 
liver model. We also designed additional constructs to achieve localized expression of the 
suicide gene driven by the albumin promoter. Exhibit 25 is a copy of a letter I wrote to the co- 
chairs of the Institutional Animal Care and Use Committee (lACUC) at the University of 
Nebraska Medical Center, dated July 5, 2000, requesting expedited review of our experimental 
protocols for developing transgenic mice and pigs. The lACUC's approval of our protocol was 
required before these studies could begin. 

34. Exhibit 26 is a copy of a letter I wrote to the director of Transgenic Core 
Laboratory, dated November 15, 2000, requesting assistance in developing transgenic mice. 

35. Exhibit 27 is a copy of page 6 of a November-December 2000 quarterly report 
for our ATP grant which describes our progress towards obtaining a functional mouse transgenic 
support facility. 

36. Exhibit 28 is a copy of a letter I wrote to the director of Transgenic Core 
Laboratory, dated March 20, 2001, finalizing the contract terms for preparing the transgenic 
mice. 
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37. Exhibit 29 contains copies of two pages of a laboratory notebook dated 
September 18 and 19, 2001, respectively which describe vectors for use in creating the 
transgenic mice. 

38. Exhibit 30 is a copy of page 7 of a quarterly report for our ATP grant, covering 
April 2001 to June 2001, which reports that an outbreak of hepatitis forced a postponement of 
the production of transgenic mice (item 5). 

39. Exhibit 31 is a copy of page 7 of a quarterly report for our ATP grant, covering 
July 2001 to October 2001 explaining that candidate founder mice had been bred and were being 
screened for the transgene. 

40. Exhibit 32 contains copies of pages 5-7 of a quarterly report for our ATP grant, 
covering October 2001 to December 2001, which reports our success in creating founder mice 
used to create transgenic mice (see especially page 7, bracketed paragraph). 

Development of Improved Constructs for Optimized Expression 

41. Between October 2000 and June 2001, we re-designed constructs to improve their 
performance. Point mutations were introduced into the thymidine kinase gene to prevent male 
sterility, which results from testicular expression of thymidine kinase. We also compared yeast 
and bacteria cytosine deaminase for use as suicide genes. The yeast version was selected based 
on its sensitivity to the 5-fluorouracil. Exhibit 33 contains copies of pages 3-5 of a quarterly 
report covering November and December 2000, which identifies optimal suicide genes and 
promoters for liver-specific expression (see particularly the bracketed paragraph on page 3. 
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42. Exhibit 34 is a copy of page 4 of the quarterly report for our ATP grant for 
January 2001 to March 2001 that describes making plasmids with cytosine deaminase as a 
suicide gene (see Figure 2). 

43. Exhibit 35 is a copy of page 4 of the quarterly report for our ATP grant for April 
2001 to June 2001 that describes how we made the mutated thymidine kinase gene. 

44. Between January 2001 and June 2001, we isolated and sequenced the porcine 
albumin promoter used for localized expression in the pig liver. We made plasmids to transfect 
the mutated thymidine kinase into fibroblasts. Nuclei from the transfected fibroblasts were 
injected into enucleated pig oocytes to make the transgenic pigs. Exhibit 36 contains copies of 
laboratory notebook pages that describes experiments we performed to obtain the albumin 
promoter. Exhibit page 5 dated March 5, 2001 describes how we amplified the promoter. The 
associated picture shows the band of amplified promoter DNA. These experiments in Exhibit 
36 were carried out between February 22, 2001 and June 15 2001, for example on February 22, 
(Exhibit 36, page 1-2), February 27 (Exhibit 36, page 3), February 28 (Exhibit 36, page 2), 
March 2, 5 (Exhibit 36, page 5), March 5,6 (Exhibit 36, page 6), and between February and 
June 18, 2001 (Exhibit 36, pages 7-13). 

45. Exhibit 37 contains copies of pages 3-6 of a quarterly report for our ATP grant 
for January 2001 to March 2001. Page 3 documents our progress towards producing suicide 
gene constructs and provides the nucleotide sequences we determined of for the porcine albumin 
and alpha fetoprotein genes. Figure 1 is the Albumin promoter sequence. Figure 2 is the AFP 
promoter sequence. Pages 4-5 describe our synthesis of the constructs. Pages 5-6 describe our 
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efforts to develop stably transfected cell lines and our experiments infusing normal fetal pigs 
with human hepatocytes. 

46. Between March 2001 and July 2001, we prepared constructs containing the AFP 
promoter and a suicide gene. Exhibit 38 contains copies of pages 3-6 of a quarterly report for 
our ATP grant for the period April 2001 to June 2001 which summarizes development of the 
constructs. The bracketed paragraph on page 3 describes making a construct using the AFP 
promoter to drive cytosine deaminase expression (see Figure 2 on page 4). Page 4 describes a 
construct containing the SV40 enhancer and the porcine albumin promoter that controls 
expression of a mutated version of the thymidine kinase gene (see Figure 3). Page 5 describes a 
plasmid conaining a mutated thymidine kinase gene under the control of a CMV promoter (see 
Figure 4). Pages 5-6 describe subcloning of plasmids into mammalian expression vectors for use 
in in vitro testing of the promoters. 

47. Exhibit 39 contains copies of laboratory notebook pages which document making 
the constructs. Page 35 is dated June 28, 2001 and shows a diagram of the construct using the 
AFP promoter to drive thymidine kinase expression. These experiments in Exhibit 39 were 
carried out between March 2001 and June 2001, for example on June 17, (Exhibit 39, page 1), 
June 28 (Exhibit 39, pages, 2 3), June 26, 28 (Exhibit 39, page 5), March 15, 19 (Exhibit 39, 
page 6), March 20, 21 (Exhibit 39, page 7), (Exhibit 39, page 1), March 22 (Exhibit 39, page 
8), March 23, 24 (Exhibit 39, page 9), April 2, 3 (Exhibit 39, page 11), April 4, 5, 6 (Exhibit 
39, page 12) April 7 (Exhibit 39, page 13), April 16 (Exhibit 39, page 14), Between April 16 
and March 23 (Exhibit 39, page 15), March 23 (Exhibit 39, page 6) May 1, (Exhibit 39, page 
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17), May 3, 4 (Exhibit 39, page 18), May 6 (Exhibit 39, page 19), May 7m 8 (Exhibit 39, page 
20), May 9 (Exhibit 39, page 21), May 12, 16 (Exhibit 39, page 22), and May 18 (Exhibit 39, 
page 23). 

48. Between March 2001 and September 2001, we transfected plasmids with the 
albumin and AFP promoters driving expression of thymidine kinase into the Huh-7 and TIB-73 
cell lines. Exhibit 40 contains copies of pages 4-5 of a quarterly report for our ATP grant 
covering July 2001 to September 2001. Figure 4 on page 4 is a Westem blot that demonstrates 
thymidine kinase expression in TIB-73 cells under the control of the albumin promoter and in 
Huh-7 cells under the control of the AFP promoter. Figure 5 on page 5 is a graph that illustrates 
increased cell death in Huh-7 cells expressing thymidine kinase in response to gancyclovir 
treatment. 

49. Exhibit 41 contains pages 6 and 7 of a quarterly report for our ATP grant 
covering March 2001 to June 2001, which discusses results of our transfection experiments. 
Figure 6 at the bottom of page 6 shows thymidine kinase expressed in the Huh-7 cell line 
indicated by the presence of GFP. Pages 6-7 describe prodrug-killing assays using stably 
transfected cell lines. Page 7 reports our progress in infusion normal fetal pigs with human 
hepatocytes and prodrugs. 

50. Exhibit 42 contains laboratory notebook pages documenting the experiments 
summarized in Exhibit 40 and Exhibit 41. The flow cytometry data starting on the page dated 
September 17, 2001 was used to make figure 5 in Exhibit 41. These experiments in Exhibit 42 
were carried out between June 2001 and September 2001, for example on June 28, (Exhibit 42, 
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page 1), July 31 (Exhibit 42, page 2), August 1 (Exhibit 42, page 3), August 3 (Exhibit 42, page 
4), August 8 (Exhibit 42, page 5), August 10, 12 (Exhibit 42, page 6), between August 12 and 
September 7 (Exhibit 42, pages 7, 8, 9), September 14 (Exhibit 42, page 10), September 18 
(Exhibit 42, page 11), September 12, 13 (Exhibit 42, page 12), between September 13 and 
September 17 (Exhibit 42, page 14 and 15) and September 25 (Exhibit 42, pages 16 and 17). 

Creation of Transgenic Animals Containing a Suicide Gene 

51. Between July 2001 and December 2001, we prepared and cloned fetal pig 
fibroblasts harboring plasmids in preparation for nuclear transfer. Exhibit 43 is a copy of page 4 
of the quarterly report for our ATP grant covering July 2001 to September 2001. Section 2, 
"Development of transgenic pigs," describes how we made fibroblasts expressing thymidine 
kinase driven by the albumin promoter. 

52. Exhibit 44 is page 3 of a quarterly report for our ATP grant covering October 
2001 to December 2001 and describes culturing and transfecting pig fibroblasts. Paragraphs 1 
and 2 detail our experimental protocol used to make fibroblasts expressing thymidine kinase 
from the Albumin promoter. 

53. From January 2002 to July 2002, we successfully bred mice homozygous for the 
suicide genes thymidine kinase and cytosine deaminase. Exhibit 45 is a copy of page 4 of a 
quarterly report for our ATP grant covering January 2002 to March 2002. Paragraph 5 and the 
associated table shows that several mice in the Fl and F2 generation contained the transgene. 
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54. Exhibit 46 is a copy of page 5 of a quarterly report for our ATP grant covering 
April 2002 to June 2002 which describes results of PGR experiments to identify mice 
homozygous for the transgene. Several samples in Figure 3 contained the 500 base pair PGR 
band, which indicates the presence of the transgene. 

55. Exhibit 47 contains copies of notebook pages which document results of 
histology experiments on mouse livers after addition of gancyclovir. The experiments in Exhibit 
47 were carried out between July 2001 and August 2001, for example on July 25, (Exhibit 47, 
page 1), August 12 (Exhibit 47, pages 2 and 3). 

Greation Of Transgenic Pigs Gontaining The Mutated Thymidine Kinase Suicide Gene 

56. From March 2002 to July 2002, we created a transgenic pig fetus. While the fetus 
did not survive, the liver expressed the mutated thymidine kinase gene. Thymidine kinase 
expression was driven by the albumin promoter, and we detected the expressed protein at 6 
weeks gestation. Exhibit 48 contains copies of pages 3 and 4 of a quarterly report for our ATP 
grant covering March 2002 to June 2002 and shows expression of the GFP marker in the fetal 
pig's liver (Figure 1 and the bracketed paragraph on page 3). Westem blot analysis showed 
expression in the same fetus of thymidine kinase driven by the albumin promoter (Figure 2 on 
page 4). 

57. From July 2002 to October 2002 we implanted more than eleven sows with 
nuclear transplanted embryos. Two male pigs were successfully delivered alive. Both expressed 
suicide genes in the liver. Exhibit 49 contains copies of pages 3 and 4 of a quarterly report for 
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our ATP grantcovering July 2002 to September 2002 and shows a PCR gel demonstrating the 
transgene is present in the piglets (Figure 1). Table 1 on page 4 describes anticipated births from 
additional embryo transfers. 

58. Exhibit 50 is a copy of a laboratory notebook page dated July 27, 2002, which 
describes nuclear transfer of embryos. Exhibit 51 is a record of implanted embryos and 
ultrasound analysis of the fetuses. 

59. On September 5, 2002 I asked Banner & Witcoff, Ltd. to a provisional patent 
application directed to the method described above (i.e., a method of selectively destroying 
native cells in a tissue of a fetal non-human mammal host without substantially reducing the 
number of matemal cells of the same tissue and then implanting foreign replacement cells in the 
tissue of the fetal non-human mammal host). On September 12, 2002 I responded to questions 
from Banner & Witcoff about the draft application. On September 19, 2002 I approved the 
completed provisional application, which was filed the same day as provisional application No. 
60/41 1,790. Exhibit 52 contains copies of emails between Banner & Witcoff and me during this 
period. 
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60. All statements I made in this declaration of my own knowledge are true. I believe 
all statements made on information and belief to be true. I made these statements with the 
knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the patent. 

Dated: April 17, 2009 ^AVilliam E. Beschomer, M.D./ 

William E. Beschomer, M.D. 
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There is currently a severe shortage of human organ donors. Most patients who could benefit from a 
human liver transplant never receive one. Those that do receive an allograft must typically wait for more than 

a year. Although allotransplants are usually life-saving procedures, the recipients must take anti-rejection 
drugs indefinitely . These drugs are often associated with complications and infections. 

Alternatives to allotransplantation are being explored, including tissue engineering, differentiation of 
embryonal stem cells, and xenotransplantation. Each of these technologies has significant limitations 
preventing its use. Embryonal stem cells and tissue engineering are very promising technologies. However, 
major hurdles must be cleared before complex organs can be grown in vitro. Even optimistic promoters 
believe that it will be decades before that dream becomes a reality \ There is great interest in 
xenotransplantation, such as pigs. Pigs can be readily produced in large numbers under clean conditions. 
The physiology of most porcine tissues is similar to that of humans. The risk of infection is very low. 

There are two major drawbacks to the use of pigs for organ donation, however^. First, the immune 
rejection of vascular pig organs is ftjlminant. In part, this is due to preformed antibodies to pigs and in part 
due to numerous antigen differences between the species. Second, the physiology of some organs, including 
the liver, is sufficiently different from humans to preclude their use. 

Fulminant rejection of pig tissues cannot be overcome by conventional means, such as immune 
suppression. Doses normally effective in allotransplants are ineffective with the xenotransplants. Even after 
bone marrow transplantation, baboons fulminantly reject pig xenografts. 

Genetic engineering was initially thought to hold the solution to the problem of xenotransplant rejection. 
Presently, however, it has only proved useful for preventing hyperacute rejection. Because of the inefficiency 
of conventional methods, development of useful transgenic herds has proved to be very slow. 

1. Transgenic system for human/pig hybrid liver grafts 

This project proposes to produce hybrid human/pig livers by culturing human liver ceils within 
preimmune fetal pigs. The hybrid organ would provide significant advantages. Multiple species specific 
factors, both known and unknown would be corrected in a single step. Genetic modification of the liver 
would be accomplished with gene therapy applied to the human cells. This would be much easier and faster 
than altering the pig. For example, the cultured hepatocytes could potentially be transfected with genes 
conferring resistance to hepatitis viruses. The antigen disparity with the recipient would be reduced. 

To be effective, the system must provide a selective advantage for the human hepatocytes to grow within 
the fetal pig. Otherwise the native pig cells would successfully compete with the human hepatocytes, 
preventing their engraftment and proliferation. Yet the native pig liver should be normal until the human 
hepatocytes are infused, permitting the swine to be easily bred and raised. This would be accomplished by 
targeting the pig cells with a suicide gene and prodrug. Suicide genes produce enzymes not normally present 
in the cells. The enzyme converts a non-toxic prodrug into a toxic substance. The best known system 
involves thymidine kinase (tk) and the prodrug ganciclovir. Tk, produced by Herpes viruses, is not normally 
present in uninfected cells. Herpes infected cells convert the ganciclovir and are destroyed. This system will 
be compared with a second system employing the gene for cytosine deaminase and the non-toxic prodrug 5- 
fluorocytosine. The prodrug is converted into the toxic 5FU. 

To prevent significant injury to the rest of the pig, the injury will be directed to the liver. Two methods 
will be compared. First, immunoliposomes will be prepared containing the appropriate prodrug and carrying 
antibodies specific to antigens expressed on hepatocytes, such as asialoglycoprotein receptor. 
Immunoliposomes have been used for targeting tissues, such as delivery of cytotoxic agents to hepatotomas. 



Page 1 



ATP Pre-proposal, Beschomer, WE 

Proprietary Information 3/15/1999 

Liposomes containing ganciclovir have been used to treat retinal CMV infections. The second method would 
construct the vectors with an albumin promoter. The suicide gene is active only within the hepatocytes. 

In vitro cultures of pig and human hepatocytes will be used to compare these four methods of targeting 
pig hepatocytes. The pig cells are infected with the appropriate vector. 

A rapid and efficient method of genetic engineering has been recently developed by R. Bremel and A. ^ 
Chan^ of Gala Design, L.L.C. Genetic engineering as generally practiced, tfansfects an embryonal cell. This 
method has an efficiency of 1-3% and leads to mosaic transgenic animals, expressing the gene in select 
tissues. In contrast, pig oocytes would be transfected with a retroviral vector during meioses. This method 
has produced transgenic cattle with efficiency close to 100%, without any mosaicism. Pilot studies indicate 
that the vector transfects pig cells as well. 

The growth of allogeneic and xenogeneic hepatocytes is supported by several studies. Rihm and Brinster 
cultured mouse and rat hepatocytes in nude transgenic mice that had a functional hepatocellular deficiency 
(albumin urokinase deficiency/. The liver was repopulated with up to 100% of the transplanted hepatocytes. 
Fox has transplanted normal human hepatocytes into a patient with Crigler-Najjar syndrome^ Engraftment 
significantly reduced her bilirubin and reduced the amount of phototherapy needed. Rat hepatocyte 
transplants have also produced notable clinical improvement in rats with cirrhosis. Recently, JR Chowdhury 
and I Fox have infused human hepatocytes into RAG~2 mice. A year later the livers contained lobules of 
100% human hepatocytes. Overall, human cells accounted for approximately 3% of the total hepatocytes. 

The development of this system would complement research done at Ximerex, Inc. and the University of 
Nebraska Medical Center. Funds are not requested here for those programs. 

Although hybrid organs could be produced with hepatocytes harvested from cadaveric donors, a 
renewable source would provide greater predictability, and would avoid the need to screen each suspension 
of cells for infectious agents. Fox and Leboulch have developed a system of conditionally immortalized cells. 
The cells contain a transformation gene (SV40Tag) and a suicide gene (thymidine kinase) surrounded by 
loxP sites. The cells can be expanded indefinitely in culture. Prior to use, the cells would be infected with a 
vector containing Cre-recombinase. This enzyme recognizes the loxP sites and removes the transformation 
and suicide genes. The cells that do not revert back to a mortal state would be killed with ganciclovir. The 
efficacy has been demonstrated with rat hepatocytes. Dr. Fox is developing a similar human line. 

The immune system may recognize the hybrid organ as an allograft rather than a xenograft and require 
less immune suppression than xenografts. However, it would be most useful to induce immune tolerance to 
both components of the hybrid organ. W. Beschomer of Ximerex, Inc. has developed a process termed 
"surrogate tolerogenesis^." Rather than attempting to induce tolerance within the patient, the patient's ^ 
lymphocytes are cultured within fetal pigs. Specific tolerance is adoptively transferred back to the recipient 
before transplanting the pig organ. The efficacy is supported by human lymphocytes cultured in fetal pigs 
and pig-sheep xenotransplant models. Specific inhibition of cellular and antibody reactions to pig has been 
achieved. Pig xenografts are accepted by sheep without immune suppression. 

The proposal is innovative, first of all, by modifying the pig xenograft through engraftment of human 
somatic cells rather than by genetic engineering. Multiple potential xenogeneic disparities would be 
corrected in a single step rather than piecemeal. Once the system is developed additional genetic alterations 
would be accomplished through gene therapy applied to the human cells. Genetic engineering of the pigs 
would be used sparingly, providing an environment favorable to select human cells. 

Second, a controlled number of pig cells are destroyed through the use of tissue specific 
immunoliposomes containing a prodrug. This is an improvement over congenital enzyme deficiencies that 
affect all cells. A portion of the pig liver could be preserved. The pigs could be easily bred and raised. They 
would not be compromised until exposed to the prodrug. 

Third, the proposal is innovative in that it involves the novel combination of innovative processes backed 
by patents submitted by the participants or issued to the participants. Bremel and Chan have received a patent 
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for retroviral transfection of oocytes. Beschorner has applied for a patent for surrogate tolerogenesis (issued 
in Australia, allowed in the United States, pending in Canada, Europe, and Japan). The patent includes claims 
for the engraftment of pig organs with human somatic cells. Fox and Leboulch have a patent pending for 
conditionally immortalized hepatocytes. 

Though the system will be used initially with human hepatocytes to produce hybrid livers, it could readily 
be adopted to other somatic cells, including progenitor cells derived from embryonal stem cells, endothelial 
cells, smooth muscle cells, and neural stem cells. This would be most easily accomplished with the 
immunoliposome system, employing antibodies specific for the targeted cells. If the tissue specific promoter 
is employed, new transgenic pigs would be necessary. 

As expected with any unproven technology, this proposal would be considered high risk. The project 
plan, however, is designed to reduce the risk and significantly enhance the likelihood of success. Individual 
components are supported by preliminary studies. Feasible alternatives are planned. The research and 
development plan places the greatest risk at the beginning of the project, allowing for a change in procedures 
earlier rather than later. 

2. Development 

Development of new technology 

In the initial phase, vectors and immunoliposomes (ilsm) would be developed. The vectors would contain 

the suicide gene and albumin (alb) promoter if appropriate. The immunoliposomes would contain the 
prodrug and tissue specific antibodies. In vitro cultures would assess the specificity of the four systems 
(tk/ilsm, cd/ilsm, tk-alb, cd-alb) to kill the pig hepatocytes with minimal injury to human hepatocytes. The 
specificity of liver injury and human hepatocyte engraftment would also be tested in mice and the systems 
compared. 

Transgenic pigs would then be produced containing the appropriate suicide gene and promoter. The 
piglets would be screened and transfected pigs crossbred to produce homozygous animals. 

Assessment 

With the development of second generation transgenic pigs, preimmune fetal pigs would be injected with 
the immunoliposomes or prodrug and human hepatocytes. The chimerism would be assessed short term and 
long term. Appropriate studies would assess the production of human complement and other factors. 

The system will be assessed with orthotopic transplants of hybrid livers into non-human primates. Liver 
chemistries, chimerism, and clinical status would be monitored for a prolonged period. 

These studies would provide support for human clinical trials. Funding is not requested for clinical trials. 

Initial clinical trials would use hybrid human/pig livers as a temporary bridge transplant for patients in 
acute liver failure. They would be done in compliance with FDA guidelines. The University of Nebraska 
Medical Center has performed 14 extracorporeal liver perfusions with unmodified pig livers. If justified, the 
studies would lead to clinical trials with long term hybrid liver transplants. The UNMC is recognized for its 
excellent liver transplant program, performing more than 1 00 transplants per year. 

3. Benefits to the US economy 

There is a severe shortage of human organ donors. Approximately 5000 top priority patients are waiting 
for a liver transplant at this time. The procedure is highly effective, with greater than 90% survival at 3 years. 

The procedures cost approximately $1 10,000 each. The actual number of patients that could benefit would be 
much greater, estimated to be 52,000 per year world-wide (25,000 in the U.S.). 

The technology could be adopted for other tissues as well. For example, kidneys and hearts could 
potentially be produced with the vasculature lined with human endothelial cells. Because the liver produces 
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hematopoietic growth factors that are species specific, such as stem cell factor, the engraftment of human 
hepatocytes could enhance hematopoietic and lymphocyte chimerism, enhancing tolerance to other tissues. 
Financial projections have estimated that as many as 455,000 organs could be transplanted per year, if the 
technology and organs were available^. 

4. Business plan 

Ximerex, Inc. would serve as a tissue bank, providing hybrid organs to transplant surgeons. The Company 
would also induce tolerance to the organs for specific patients. A sample of marrow would be received and 
infused into the fetal pigs along with the liver cells and immunoliposomes. The resulting chimeric pigs would 
be screened for chimerism and tolerant lymphocytes. A kit containing the tolerant lymphocytes and hybrid 
liver would be sent to the hospital performing the transplant. 

The technology of genetic engineering using retroviral infection of oocytes would be licensed from Gala 
Design, L.L.C. The development of vectors and training of personnel would be subcontracted to them. 

Procurement of human organs for transplantation currently costs about $20,000 each. The high cost is due 
to several factors, including the need to maintain the donor on life support, the need to harvest the organs on 
an emergency basis, tissue typing, etc. Hybrid organs and tolerant lymphocytes could be provided at a similar 
rate, including a 40% profit margin. Since these organs would require less immune suppression than other 
technologies, it would compete well. Potential revenues would amount to $1 billion for liver transplants and 
$9 billion for all vascular organ transplants. 

5. Why are ATP funds necessary? 

For the past several years, investment funds for small biotechnology companies have been very limited. 
Start-up companies are considered a poor risk because their success is dependent on a single technology 
without clinical evidence of efficacy. This is a novel and untested approach in a new field. 

Ximerex, Inc. is a start-up biotechnology company. It is devoting current funds to development of 
surrogate tolerogenesis for heart and kidney transplants. The proposed R&D for producing human/pig hybrid 
livers would be too costly. 

The proposed project would broaden the technology base of the Company, providing a second transplant 
technology for Ximerex, Inc. The proposed R&D would support an IND application for clinical trials. These 
two developments would enhance the ability to obtain investment funds. 
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RESEARCH PLAN 

A. Specific Aims 

There is currently a severe shortage of human organ donors. Most patients who couid benefit 
from a human liver transplant never receive one. Approximately 4,000 liver transplants are 
perfomied annually in the United States. Those that do receive a human allograft must typically 
wait for more than a year. As of March 31, 1999, ] 2,600 high priority candidates are waiting for a 
liver transplant. Because of the stringent criteria for the list, the actual number of patients who 
could benefit fi-om transplant is far greater. It has been estimated that 450,000 organ transplants 
could be performed aimuaJly; including 52,000 liver transplants, if the organs were available. 

TMs project proposes to develop pig liver xenografts repopuiated with human hepatocytes. 
The system will consist of transgenic fetal pigs expressing a suicide gene in the hepatoc>1;es, the 
corresponding prodrug, and a method for infiasion of human hepatoc3rtes into preimiBune fetal 
pigs. Aj\ appropriate dose of prodrug will lead to limited injury of the fetal liver. Shortly 
thereafter, the human hepatocytes will be inJfiised into the fetal pigs, repopulating the injured liver. 
The reconstituted human/pig hybrid liver would be more physiological than a pig liver xenograft. 

The proposed system depends on two underlying hypotheses. First, it is postulated that human 
hepatocytes are sufficiently similar to pig hepatoc\'tes to sundve and proliferate in fetal pigs. 
Second, the primary barrier to repopulation of the liver with hepatocytes is believed to be 
competition with the native pig hepatocytes. Preliminary supporting data is presented below. 

In phase I of the plan, two issues critical to the success of the program will be addressed, the 
culture and function of human hepatoc\i:.es in pigs and the development of transgenic pigs 
expressing a suicide gene such as thymidine kinase in the liver. Phase n vAW develop an effective 
S3?stem, including optimizing the prodrug, timing, and hepatocyte injections and develop boars 
with the transgene. Phase HI will include preclinical transplant studies in non-human primates with 
subsequent clhiical trials. 

Arms for Phase I 

1. Determine the survival^ proliferation^ and function of human hepatocytes infused into 
preimmune normal fetal pigs* FoUowng the birth of the pigs, the serum will be monitored for 

up to one month of age for human liver proteins such as albumin, alpha- 1 antitrypsin, and serum 
aiuyloid A. Tissue sections will be assessed by polymerase oham reaction and fluorescent in situ 
hj'bridization studies for human cells. It is anticipated that there will be limited repopulation of the 
liver in the non-transgenic pigs. The hepatocytes would be expected to be present in other tissues, 
such as the spleen. The production of human liver proteins greater than 0,5% of the human levels 
would indicate that the human hepatocytes not only survived, but significantly proliferated in the 
pig and provided some function. 

2. Using a system of retroviral transfection of pig oocytes, develop transgenic pig 
embr>'os incitiding transgenes tor thymidine Idnase under the albumin promoter. This novel 
approach provides for nearly 100% eflBciency and avoids the development of mosaics ^ The vector 
will be constructed and transfected into oocytes. Oocytes or zygotes are i.mplanted into sows. 
Fetal pigs are assessed for the marker gene. 
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3. Assess the relative sensitivity' of hepatocvtes in implanted transgenic fetal pigs to the 
prodrug ganciclovin The prodrug, ganciclovir, will be adniimstered to foster sows implanted 
with the transgenic pigs. Seven days later, the fetal pigs will be assessed and the relative injury of 
the Uver compared with controls not receiving prodn:g and with other tissues. Because standard 
methods of genetic engineering are relatively inefficient and produce mosaics, considerable 
breeding and cross breeding is necessary before the studies of feasibility can be performed. With 
large animals, that may require several years. Feasibility studies vAth transgemc rodent models and 
gene therapy help but may not translate. With the high efficiency offered b^^ transfeotion of 
ooc>^e5, founder pigs can be tested directly to prove the feasibihty. If the desired effect is seen^ 
then other transgenic aiiimals can be produced and the results confirmed with the herd. This 
advantage allows us experience failure early rather than late. 

B. Significance 

Competing Technologies and Justificatfon for Human/Pig Liver Xenografts 

Alternatives to the transplantation of human liver aUografts are being explored, including 
hepatocyte transplants, tissue engineering with differentiation of embr>'onaI stem cells, artificial 
organs, and xenotransplantation. Each of these technologies has significant limitations. 

Instead of transplanting whole organs, one field of research would transplant a suspension of 
cells that would repopulate a diseased organ. For example, recently the University of Nebraska 
Medical Center performed the first clinical hepatocyte transplant into a patient with Crigler-Najjar 
Syndrom e, with a congenital deficiency of a Ih'er enzyme necessarv' for the conjugation of 
bilLrubi^i". The patient experienced significant clinical improvement including decreased bilirubin 
levels. Approximately 5% of the native liver was replaced by the transplanted hepatocy^es. 

While hepatoc3^e transplants have considerable potential for correcting metabolic disorders, 
they are probably of little benefit for many liver diseases, such as malignancy,, bile duct disorders, 
and portal hypertension with cirrhosis. The transplanted hepatocytes would also be susceptible to 
viral infections, providing minimal benefit to patients with fiilminant hepatitis. 

Although hepatocyte transplants can use some donated livers that are not suitable for 
transplant, if practiced on a wide scale, they would compete for the limited pool of human organs. 

The recent development of human embiyonal stem cell lines, capable of indefinite self 
replication and pluripotential differentiation, has generated considerable excitement and sparked 
speculation that human organs might be grown in vitro. The potential advantages of this feat are 
obvious. Unlimited numbers of human organs could be produced and provided as needed, 
Fuithermore, using nuclear transfer, the genome of the recipient could be theoretically inserted 
into the ES cells. The resulting organ should then be antigenically identical with the recipient 

Some success has already been achieved with simple structural tissues, such as cartilage and 
skin. The in vitro production of complex organs, such as hearts, kidneys, and livers, is much 
more challenging. For example, ES cells can readily be induced to dififerentiate into rh^^limically 

beating myofibers, the basic building block of the heart. The ontogeny of the four chamber heart, 
however, is a complex process influenced by the timely expression of local growth factors, the 
mechanical effects of adjacent tissues, the appropriate blood flow, and the migration of other cell 
types such as mesothehal cells. In the fetus, the local environment changes continuously. ^'linor 
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The development of the proposed techjioiogv' is supported by pending and allowed patents. A 
patent for surrogate tolerogeiiests has been issued in Australia, has been allowed in the United 
States and is pending in Europe, Canada, and Japan. The patents include claims for repopulating 
the liver in part with somatic cells, including human hepatocytes. Dr. Fox and Lebloache have 
filed a patent for the composition and method of producing conditionally immortalized 
hepatocytes. Dr. Bremel has patents pending for the retroviral transfection of ooc>4es. 

Preliminary Supporting Data 

Proliferation and function of human hepatocytes in fetal pigs. Human hepatoc>tes provided by 
S.C. Strom were infused into preiminune fetal pigs (4.5 days gestation) by percutaneous injection 
using ultrasound guidance. Two million hepatocytes were infused into each of six feta! pigs. Tliis 
would be approximately 1% of the fetal pig hepatocytes. The sow came to term and delivered 
three live births and 5 folly formed stillbirths. The 3 live pigs were euthanized at four days of age. 
All of the pigs were of normal weight and showed no significant patholog>-. Polymerase chain 
reaction assays were perfonned using primers for HLA class I antigen. Human DNA was 
demonstrated in the spleens of all three hve births and two of the stillbirths. Initial studies of the 
liver were negative. Histology of the spleens showed numerous apparent hepatocytes, constituting 
10 to 30% ofthe section. Fluorescence In Situ Hybridization to identtft^ human cells tissue 
sections are pending. 



Serum was analyzed from the three live pigs by Western blot analysis tor human alpha- 1 
antitrsTDsin (AAT) and ELISA for human serum. am3'loid A (SAA) protein. The results were 
compared with normal human and pig sera. Normal swine seaim was negative. The chimeric pigs, 
however, demonstrated 0.9%, 5.5% and 23% of the levels of AAT present in the human. The 
SAA levels were 0T%, 0.12%, and 0.23% of the levels seen in normal humans. The discrepancies 
may reflect decreased SAA production in newborns. Assuming that the serum protein is 
proportional to the number of hepatocytes, the number of human hepatocytes would be 10 to 230 
times the number injected. The pigs grew by a factor of 100 since the injection. 




The preliminary^ findhigs, therefore, suggests tliat human hepatocytes replicate appropriately 
and produce human proteins within fetal and newborn pigs. The environment within the fetal pigs, 
including hepatocellular growth factor, support the growth of the human hepatocytes. In contrast 
to the experience in mice, the porcine growth factors supported the prompt proliferation ofthe 
human hepatocytes. Furthennore, the localization to the spleen and limited engraftment in the 
liver is consistent with the belief that the infused hepatocytes are competijig wth native 
hepatocytes. 

In a second sow, 8x10*^ human hepatocytes (approximately 4% of native hepatocytes) were 
infused into each of two fetal pigs and 2.6x10^ hepatoc3tes inJEiised into each of two additional 
fetal pigs. As of three weeks, the pigs appear healthy by ultrasound. 

The technology proposed here will be combined with surrogate tolerogenesis (ST) to minimize 
the need for immune suppression. That technology was developed, in part, with another SBIR 
proposal, DK50737. Tolerance is induced to the pig, within the pig and transferred back to the 
recipient. With human marrow, liigh titers of antigen specific regulator^' cells were produced 
which inhibited tiie MLR^^ Transplantijig pig aortas into sheep, ST led to average graft survivals 
of 77 days (vs. 7 days control)^ No post- transplant suppression was given. With pig heart to 
sheep transplants, vascular rejection was prevented, though the sheep did mount a celhilar 
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performed the first, dinical he^atocvte transplant, leading to a djan^atic clinical improvement in a patient 
with Crigler-Najj ar syndrome'"^. 

The personnel at Gala Design, LLC, will facilitate the development of the transgenic pigs expressing 
the appropriate suicide gene. They developed a highly efficient method for producing transgenic animals, 
using a retroviral transfection of oocytes*. Their technolog\^ received a ver\' favorable review in Science^^. 
A patent is pending. These methods will be adopted to pigs by Matthew Wheeler at the University of ^ 
Illinois. He has extensive experience producing transgenic pigs for agricultural and transplantation'^/^. 

Supporting Preliminary Studios 

The following preliminary studies support the feasibility of the proposal and enliance the probability 
that the goal of repopulating the pig livers with human hepatocytes wdl! be achieved. Human hepatocytes 
were infused into preimmune fetal pigs. The secretion of human liver proteins and the large number of 
hepatocytes in the spleen demonstrate that the environment in the pig supports the long-term survival of 
human hepatocytes. The relative paucity of human hepatocytes in the pig liver suppons the basic premise 
of the proposal that "space" must be created through the controlled injury of native hepatocytes to achieve 
significant engraftmenx. The transfection of porcine renal tubular epithelial cells by reverse-transcribed 
gene transfer supports the feasibility of this highly efficient method in pigs. The experiments with 
surrogate tolerogenesis demonstrate that rejection of pig xenografts can be prevented without the need for 
severe immune suppression. The studies also demonstrate our experience with engrattment and gro^'th of 
xenogeneic cells in preimmune fetal pigs. 

Proliferation and function of human hepatocytes m fetal pigs. 

Human hepatocytes provided by S.C. Strom were infused into 1 1 preimmune fetal pigs {AS days 
gestation) in three sows by percutaneous injection using ultrasound guidance. Two to 10 million 
hepatocytes were infused into each fetal pigs. The sows came to term without aborting any fetuses. Two 
sows farrowed naturally and one was delivered by Caesarian section. 

The first sow produced three live births aiid 5 fully formed stillbirths. The 3 live pigs were euthanized 
at four days of age. All of tlie pigs were of normal weight and showed no significant pathology. 
Polymerase chain reaction assays were performed using primers for HLA class I antigen. Human DNA 
was clearly present in the spleens of all tliree live biiths and two of the stillbirths. PCR studies of multiple 
biopsies of the livers were negative. Histology of the spleens showed numerous contiguous hepatocytes, 
constituting 12 to 30% of the section. The number of hepatocytes was estimated from the volume of the 
spleen, the calculated volume of the hepatocytes and the average hepatoC3.te volume. 

Serum specimens from the pigs were analyzed by Westem blot analysis for human alpha.-! antitrypsin 
(AAT) and by ELISA for human serum amyloid A (SAA) protein. The results were compared with 
noiTnal human and pig sera. Normal swine serum was negative. 
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Proliferation of Human Hepatocy tes in Pig Spleens 
And Detection of Human Liver Proteins 
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ND 


ND 


75-5 


1.6x10* 


SOX 


ND 


ND 


316-1 


"ND 




0.90% 


ND 


316-2 


ND 




0.73% 


ND 


316-3 


ND 




0.24% 


ND 


361-1 


ND 




0.45% 


ND 


361-2 






0.52% 


ND 



'^•'Number of splenic hepatocytes/Number of Injected Hepatocytes 
it Concentrations compared with concentration in human control sera. 



Tiie second and third sows produced six and eigiit live births. Serum analysis for SAA and alpha- 1 
antitrypsin were consistent with chimerism in two and three pigs respectively. These pigs have been 
followed for up to three months. At tliree months one of 2 pigs (316-2) shows persistent human proteins 
(0.6% SAA). That pig currently weighs 20 kg and is clinicall3' normal and healthy. At 60 days of age, 
thi'ee of 4 evaluated pigs bad human SAA. in the serum. 

The preliminary' findings, therefore, support the proliferation and function of human hepatocvtes in the 
fetal and newborn pigs. The injected hepatocytes expanded at least 18 to 90 fold and produced human 
proteins. The detection of human liver proteins in the serum, confirms the presence of viable hepatocytes 
in the pigs. Furthermore, the localization to the spleen and the failure to identify hepatocytes in the liver is 
consistent with the hypothesis that the infused hepatocytes are competing with native hepatocytes. 

Transfection of Porcine Renal Epithelial Cells. 

By introducing a retroviral vector into oocytes rather than targeting embryos, Chan and Bremel were 
able to achieve a very high efficiency of transfection and avoid the problems of mosaicsm^. The 
transfections were performed with bovine oocytes. 

To determine the feasibility of this technology with porcine cells, a cell line of porcine renal tubular 
epithelial ceils (PK-15) was utilized. The vector was a replication defective vector based on the Moloney 
murine leukemia virus, pseudotyped with the envelope glycoprotein of vesicular stomatitis virus. The 
vector included a neomycin phosphotransferase and a reporter gene (GFP, green fluorescent protein). The 
PK-15 cells were transfected with a high titer of the vector and the resistant cells selected. The cells were 
cultured for three weeks. They demonstrated diffuse expression of the GFP. 

Prevention of Xenograft Rejection with Surrogate Tolerogenesis. 

As an alternative to inducing immune unresponsiveness wUhin the recipient we propose instead to 
induce immime tolerance to the donor within the xenograft donor ^ and adoptively transfer the tolerance 
back to the recipient. We have tenned this process "surrogate tolerogenesis^^." The induction of tolerance 
within the donor animal provides considerably greater flexibility and opportimity. For example, whh 
current approaches developmental tolerance could only be applied to fetal or newborn patients. With 
surrogate tolerogenesis, however, developmental tolerance can be established v^dthin fetal donor animals 
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Beschorner, W.E. Proprietary' Information 04/13/99 
Development of Human/Pig Hybrid Livers for Organ Transplantation 

7. Production of homozygous transgenic boars, third year. These would not be produced until the 
end of the project and therefore would not be useful for the scientific studies. They will be necessaxy 
for clinical and commercial application. 

8. Establish specificity of hepatocyte depletion in transgenic fetal pigs, third year. These are short- 
term studies defining the effectiveness and specificity of the hepatoc3^e depletion. 

9. Demonstrate enhanced engraftment of human hepatocytes in transgenic fetai pigs, third year. 
The level of engraftment in newborn pigs is assessed by fluorescence in situ hybridization (FISH), 
flow cytometry, and quantitative PCR. Human liver proteins are also measured in the serum. The 
levels are compared with the baseline established in milestone 2. The goal is to achieve 30 to 80% 
human hepatocytes. Livers vnth this level of human hepatocytes should be functional in human 
recipients. The system could also be used as a bioreactor for expanding human hepatocytes for direct 
hepatocyte transplants. 

10. Assess long term efficacy and toxicity in chimeric transgenic pigs, third year. Percutaneous 
liver biopsies and serum are sampled on a monthly basis. The relative hepatocellular chimerism and 
levels of human liver proteins in the serum are determined as above. At the end of three months, the 
pigs are necropsied and examined for possible toxicity^ tumors, infection, etc. 

Specific pian for first year 

Development of Transgene Constructs and Vectors 
One set of constructs will contain a liver-specific promoter such as the promoter for albumin or liver- 
enriched activator protein (LAP; Kistner et al., 1996) fused to the cDNA encoding the suicide gene (tk 
or cd) and a marker gene, green flourescent protein (GFP), The liver-specific promoter and suicide 
gene (tk or cd) will be subcloned into a commercially available GFP expression vector (EGFP-I ; 
Clontech, Palo Alto, CA). Another set of constructs will contain a ubiquitous promoter such as 
cytomegalovirus (CMV) promoter fused to the cDNA encoding the suicide gene (tk or cd) and GFP, 
The suicide gene (tk or cd) will be subcloned into a GFP expression vector (EGFP-N; Clontech) which 
already is driven by the CMV promoter. Bacteria will be transformed with complete vectors, grown 
up, and DNA will be prepped, digested and run on an agarose gel for confirmation. 

The complete vectors will then be subcontracted to Gala Design LLC for construction of retroviral 
vectors. The constructs will be inserted into replication-defective vectors based on Moloney murine 
leukemia virus, pseudotyped with the envelope glycoprotein of vesicular stomatitis virus (VSV-G). In 
contrast to the native retroviral envelope proteins, absent from this vector, the VSV-G interacts with 
phospholipid components of the host cell plasma membrane. High titers of the particles (10^) will be 
produced and provided to Ximerex, Inc. 

Development of transgenic pigs 

in Vitro Maturation (IVM) 

Ovaries (200/week) will be obtained from a local abattoir and transported in saline at 39^C. 
Oocytes will be aspirated from follicles 2-5 mm in diameter and selected for quality prior to 
maturation. Oocytes (n=50) will be cultured in drops of maturation medium under oil at 37^C in a 5% 
CO2 in air environment for 20 hours in presence of hormonal supplements and another 20 hours in the 
absence of hormonal supplements. Following 40-44 hours of culture, oocjrtes will be stripped of 
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Beschorner, W.E. Proprietary Information 03/07/00 
Human/Pig Hybrid Livers for Transplantation 

To accomplish these goals, we propose to develop a system consisting of transgenic pigs containing a 
suicide gene, a prodrug that would specifically destroy most of the pig hepatocytes, and inftision of 
human hepatocytes into the preimmune fetal pig along with the prodrug or immunoliposomes. 

Four systems for specifacally and conditionally killing the pig hepatocytes will be developed and 
compared. This will include two mechanisms of expressing the suicide gene in the pig and two 
combinations of suicide gene/prodrug. 

The suicide gene may be expressed ubiquitously or limited to the liver. Using the ClvrV promoter, the 
suicide gene would be expressed in all cell lines. The specificity would be achieved by usmg 
immunoliposomes with surface antibodies specific for hepatocytes. The advantage of this system would 
be that it could be applied to other cells in the future, such as endothelium and smooth muscle cells. ^ One 
would only need to change the antibody in the immunoliposomes. Also, if immunoliposomes are injected 
into the fetal pig, most of them w^ould end up in the target cells. Diflfusion back to the sow would be 
minimal and therefore the possibility of toxicity to the sow would be minimized. 

■ Alternately, the suicide gene could be limited to expression in the liver by putting the transgene under 
the control of the albumin promoter. This would limit toxicity to other cells cause spite nonspecific of the 
antibody in the immunoliposomes or from bystander effect, where the activated prodrug is passed from 
the target cell to adjacent cells. This would also allow for treatment of the patient for certain infections. 
For example, ganciclovir, the common prodrug for thymidine kinase, is also of the principal treatment for 
herpes infections. If the hybrid liver contained porcine cells with thymidine kinase, such as endothelial 
cells, those cells might be destroyed if the recipient were treated with ganciclovir for herpes infection. 

The most widely used suicide gene/prodrug system is thymidine kinase and ganciclovir. Cells 
expressing this enzyme convert the ganciclovir to the triphosphate derivative. When incorporated into the 
DNA, the cells die. Generally, the activated triphosphate derivative passes to other cells only through tight 
junctions. Therefore, injury to endothelium and Kupffer cells would be minimized. 

Injury to the liver of the gilt or sow coxild be prevented by breeding a homozygous transgenic boar 
with a non-transgenic sow or gilt. Only the fetal pigs would express the suicide gene. ^ 

Another widely used system is cytosine deaminase and 5-fluorocytosine. The prodrug is converted to 
5-fluorouracil. When incorporated into DNA, the cell dies. This system would have advantages over the 
thymidine kinase system. Cell death is somewhat slower. Therefore any toxicity from the lysis of the 
native pig liver cells would be decreased. If used in the ubiquitous expression of enzyme, the patient 
could still be treated for herpes infections with ganciclovir. The downside would be that the activated 
drug could pass into adjacent cells through simple diffusion, thereby increasing the risk of toxicity 
through a bystander effect. 

Overall Strategy 

Even with the enhanced efficiency of transfecting oocytes with a retroviral vector, the production of 
transgenic pigs is a very time-consuming process, requiring approximately 18 months before transgenic 
pigs can be tested. If the four systems were tested sequentially, the plan would require approximately 
eight years. Therefore, we are taking advantage of the enhanced efficiency by producing four herds of 
transgenic pigs at the beginning of the project- As these herds are being developed, the systems will be 
tested and compared using in vitro tissue culture studies and transgenic mouse studies. During the course 
of the studies, one or more of the systems may prove to be infeasible. The development of that transgenic 
herd would then be discontinued. It is anticipated that two of the four systems will prove to be superior 
and warrant further assessment. 

During the first year, the vectors will be produced. While waiting for those, the optimal conditions for 
transfection of porcine oocytes and implantation will be determined. Human hepatocytes will be infused 
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Human./Pig Hybrid Livers for Transplantatiots 



Proliferation of HiiixiaB Hepatocytes in Pig Spleens 
And Detection of Human Liver Proteins 



Pi^lei 


Hepatocytes in 
the Spleen 


Est. Expansion of 

Injected 

Hepatocytes"^' 


Human Serum 
amyloid Ai^ 


Humcm Sen4m 


75-1 


3.6x]0'' 


18X 


0.12% 


0.9% 


75-2 


1.6x10^ 


90X 


0.23% 


22% 


75-3 


5.8x10'^ 


29X 


0.10% 


5.5% 


75-4 


7.6x10^ 


3SX 


ND 


ND 


75-5 


1.6xK/ 


SOX 


ND 


ND ^ 


316-1 


ND 




0.90% 


ND 


316-2 


my 




0.73% 


ND 




ND 




0.24% 


ND 


361-1 


MD 




0.45% 


ND 


361-2 


ND 




0.52% 


ND 



^Number of splenic hepatocytes/Number of .Injected Hepatocytes 
# Concentrations compared with concentration in human control sera. 



The second and tliird sows produced six and eight live births. Serum analysis for SAA and alpha- 1 
antitrypsin were consistent "with chimerism in two and three pigs respectively. These pigs have been 
followed for up to three months. At three months one of 2 pigs (3 16-2) shows persistent human proteins 
(0.6% SAA). That pig currently weighs 20 kg and is clinically normal and healthy. At 60 days of age, 
tliree of 4 evaluated pigs had human SA.A in the serum. 

The preliminary findings, therefore, support the proliferation and function of human hepatocytes in th.e 
fetal and newborn pigs. The injected hepatocytes expanded at least IS to 90 fold and produced human 
proteins. The detection of human liver proteins in the serum, confirms the presence of viable hepatocytes 
in the pigs. Furthermore, tlie localization to the spleen and the failure to identify hepatocytes in the liver is 
consistent with the hypothesis that the infused hepatocytes are competing with native hepatocytes. 

Transfection of Porcine Renal Epithelial Cells. 

By introducing a retroviral vector into oocytes rather than targeting embr\^os, Chan and^Bremel were 
able to achieve a very high efficiency of transfection and avoid tlie problems of mosaicsm\ The 
transfections were performed with bovitie oocytes. 

To determine the feasibility of this technology with porcine cells, a cell line of porcine renal tubular 
epithelial cells (PK-15) was utilized. The vector was a replication defective vector based on the Moloney 
murine leukemia virus, pseudotyped with the envelope glycoprotein of vesicular stomatitis virus. The 
vector included a neomycin phosphotransferase and a reporter gene (GFP, green tluorescent protein). The 
PK-1 5 cells were transfected with a high titer of the vector and the resistant cells selected. The cells were 
cultured for three weeks. They demonstrated diffuse expression of the GPP. 

Prevention of Xenograft Rejection with Surrogate Tolerogenesis. 

As an alternative to inducing immune unresponsiveness within the recipient, we propose instead to 
induce immune tolerance to the donor within the xenograft donor ^ and adoptively transfer the tolerance 
back to the recipient. We have termed tliis process "surrogate tolerogenesis^^." The induction of tolerance 
witliin the donor animal provides considerably greater flexibility and opportimity. For example, with 
current approaches developmental tolerance could only be applied to fetal or newborn patients. With 
surrogate tolerogenesis, however, developmental tolerance can be established within fetal donor animals 
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SAA History of 361 and 316 litters 



Pia # 


1 0/4/99 


1 0/8/99 


1 0/1 8/99 


10/27/99 


11/8/99 


12/17/99 


12/1 9/99 


1/12/00 




















316-1 


100 
















316-2 


500-700 


200 














316-3 


70 




70 


neg 


neg 




neg 


neg 


316-4 


420 




20 


300-600 


* 




neg 


neg 


316-5 


130 
















316-6 


250 




20 


20 


neg 




neg 


neg 


316-7 


100 
















316-8 


neg 




















































361-1 










60 


50-70 




neg 


361-2 










130 


neg 




* 


361-3 










70 


neg 




neg 


361-4 










120 


neg 




neg 


361-5 










160-200 






* 


361-6 










*■ 


neg 




neg 


361-7 










170 


20-30 




25 



All values are in ng/ml 

* Denotes a possible positive that is not statistically significant 

316 delivered 9/29/99 
361 delivered 11/4/99 
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EXHIBIT 21 



Beschomer, W.E. Propi-ietary Information 03/07/00 
Human/Fig Hybrid Livers for Transpiaiitation 

the nonnai fetal pig, human hepatoates would not be expected to engraft in The liver to a significant 
degree. 

Fetal pig hepatocvtes will need to be selectively destroyed, providing space for eiigraftment by the 
human hepatocytes. The concept of space for engraftnient is well documented. For example, bone 
marrow transplants will not engraft unless the native bone marrow is first destroyed. This is seen even 
with autologous transplants. Therefore, it is not simply a matter of rejection of the new majrow. Space 
can be provided for bone marrow engraftnient with total body irradiation or C3^otoxic diaigs like Busulfan. 
These measures however would not work to selectively destroy fetal pig hepatocytes. The hepatocytes 
are not as radiosensitive as other cells in the fetus, including bone marrow and endothelium. The 
radiation or cytotoxic drugs would therefore .not be sufficiently selective. 

Rhim ajid Brinster produced transgenic mice with a defective urokinase plasminogen activator 
controlled by the albumin promoter. The defective hepatocytes were replaced eventually with foreign 
hepatocytes, including transplanted rat cells^. Though this model establishes several principles important 
to the production of hybrid livers, it would not be practical as a cost-effective system. Many of the pups 
had hypofibrinogenemia and died of neonata.1 hemorrhage'*. Most hkely any system with congenital 
compromise of the Hver would produce pigs that would be difficult to raise. A preferable system would 
produce pigs that are physiologically normal so that they can be readily bred and raised. The fetal 
hepatocytes could be selectively destroyed at the time that the transplant hepatocytes are injected. 

Assuming that the liver contains multiple species-specific factors that support the pig, it may be 
necessary to preserve a portion of the pig liver until transplantation into the human recipient. It would 
therefore be desirable to control the degree of destruction of native hepatocytes. 

If a hybrid human/pig liver could be produced, it would still be susceptible to immune rejection. 
Hepatoc^lies express relatively little histocompatibility antigen. Replacing pig hepatoc^lies with human 
hepatocytes, therefore, would have only a modest effect on reducing the antigen disparity. More 
significantly, the remaining pig endothelial cells would still be major targets for rejection. 

System innovation for overcoming the hurdies 

The above hurdles would be overcome by targeting the native pig hepatocytes with a suicide gene and 
prodrug. Suicide genes produce enzymes not normally present in the ceHs. The enzyme converts a non- 
toxic prodnig into a toxic substance. The best kn,o^vn system involves thymidine kinase (tk) and the 
prodrug ganciclovir. Tk, produced by Herpes viruses, as not normally present in uninfected cells. Herpes 
infected cells convert the ganciclovir and are destroyed. This system will be compared with a second 
system employing the gene for cytosine deaminase and the non-toxic prodrug 5-fiuorocytosine. The 
prodrug is converted into the toxic 5-fiuorouracil (5FU). 

To prevent significant injury to other pig cells or the transplanted hepatocytes, the injur}' will be 
directed to the native pig hepatoc>4es. This can be accomplished by two distinct approaches. First 
transgenic pigs will be produced that express the suicide gene in all cell lines. Immunoliposomes would 
be prepared containing the appropriate prodrug and carrying antibodies specific to antigens expressed on 
hepatocytes, such as asialoglycoprotein receptor Immunoliposomes have been used for targeting tissues, 
such as delivery of cytotoxic agents to hepatbtomas. Liposomes containing ganciclovir have been used to 
treat retinal CMV infections. The second method would construct the vectors with an albumin promoter. 
The suicide gene would be expressed only within the hepatocytes. The prodrug would be administered 
systematically. 

The advantage of the tissue specific expression of the suicide gene is that the prodrug could be given 
periodically to the sow. The prodrugs ganciclovir and 5-FC cross the placenta membrane^. The 
immunoliposomes would need to be administered into the fetal pig along with the transplant hepatoc\^es. 



Bcschorner, W E. Proprieiarv^ Information 03/07/00 
Hiiman/Tig Hybrid Livers for TraJispIantation 



Proliferation of Human Hepatocytes in Pig Spleens 
And Detection of Human Liver Proteins 



Pis:!et 


Hepatocytes in 
the Spleen 


Est Expcmsion of 

Injected 

Hepatocytes"^ 


Human Serum 
cnnyloidAU 


Himian Serum 

AAn 


75-1 


3.6x10' 


18X 


0.12% 


0.9% 


75-2 


1.6x10^" 


90X 


0.23% 


22% 


75-3 


5.8x1 0'^ 


29X 


0.10% 


5.5% 


75-4 


7.6x10^ 


38X 


ND 


ND 


75-5 


1.6x10^ 


SOX 


ND 


ND 


316-1 


ND 




0.90% 


ND 


316-2 


ND 




0.73% 


Nl!) 


316-3 


ND 




0.24% 


ND 


361-1 


ND 




0.45% 


ND 


361^2 


ND 




0.52% 


ND 



^Number of splenic hepatocytes/Number of Injected Hepatocytes 
# Concentrations compared with concentration in human control sera. 



" " The second and third sows produced six and eight live births. Serum analysis for SAA and alpha-1 
antitrypsin were consistent with chimerism in two and three pigs respectively. These pigs have been 
followed for up to three months. At three months one of 2 pigs (316-2) shows persistent human proteins 
(0.6% SAA). That pig currently weighs 20 kg and is clinicaiiy normal and healthy. At 60 days of age, 
tliree of 4 evaluated pigs had human SAA in the serum. 

The preliminary' findings, therefore, support the proliferation and fiinction of human hepatocytes in the 
fetal and newborn pigs. The injected hepatocytes expanded at least 18 to 90 fold and produced human 
proteinjs. The detection of human liver proteins in the serum confirms the presence of viable hepatocytes ^ 
in the pigs. Furthermore, the localization to the spleen and the failure to identify hepatocytes in the liver is 
consistent with the hypothesis that the infused hepatocytes are competing witli native hepatocytes. 

Transfectlon of Porcine Renar Epitheiiaf Cells. 

rBy introducing a retroviral vector into oocytes rather than targeting embry^os, Chan and^Bremel were 
able to achieve a very high efficiency of transfection and avoid the problems of mosaicsm . The 
transfections were performed with bovine oocytes. 

To deteimiaie the feasibility of this teclmology with porcine cells, a cell line of porcine renal tubular 
epithelial cells (PK-15) was utilized. The vector was a replication defective vector based on the Moloney 
murine leukemia viais, pseudotyped with the envelope glycoprotein of vesicular stomatitis virus. The 
vector included a neomycin phosphotransferase and a reporter gene (GFP, green fluorescent protein). The 
PK-15 ceils were transfected with a high titer of the vector and the resistant cells selected. The cells were 
cultured for tliree weeks. They demonstrated diffuse expression of the GFP. 

Prevention of Xenograft Rejection with Surrogate ToJerogenesis. 

As an alternative to inducing immune unresponsiveness within the recipient we propose instead to 
induce immune tolerance to the donor within the xenograft donor, and adoptively transfer the tolerance 
back to the recipient. We have termed this process "surrogate tolerogenesis^^ The induction of tolerance 
within the donor animal provides considerably greater flexibility and opportimity. For example, with 
cuirent approaches developmental tolerance could only be applied to fetal or newboni patients. With 
surrogate tolcrogenesis, however, developmental tolerance can be established within fetal donor animals 



Page 4-12 



44 

PROJECT^. 



iMotabook No= 



Continued From Page - 



! i. .. : . 



! ■ ^ — -i^J:T4isw^-!v..iL_-^ : /:^LPjr. : j : i ! i i 



-U4-4., l_.|._4..-Li..-i.- 



i-.iajd#^.j 



~' ■ ' ^-^ i-f> § -—^ }■ -4-1- M-i^i^._ Si 



L-i Mil i n^rS'" M" i ^ 



L^Xl 



jk f<.«=v.,->. . . 

■J, 




-=~ : • - i i [...„; L : I Coniinued on Fagfe /^zL 

Read and Understood By ' 



Signed 



Date 



Signed 



2 



PROJECl 



Notebook No. 



Cor.tinued From Page- 



■ (^f- p-j- : j- I I :- I : 



JlEkr._ 



/'.-'vji/La Jth-^ — . 





4-^ 



i [• iT Continued on Page 



Read and Understood By 



Sfgned 



Date 



Staned 



Dale 



3 



Notebook No. 



ROJECT. 



Continued From Page - 




-1 ; 



m.3? 



Conlmued on Page 



Read and Understood By 



4 




5 




6 



PROJECT. 



Notebook No. 

Continued From Page . 



; .J_j!:/i:^^_ 



yu.-... 




l-:-/l4.-<4Lci4.Y 4^^i t./ 



I .. i-._i-j_-.L-.L.ifii4>i.M'<^ 



\. ,....] j J ' i ; \ . [_ 



— ^>A.^ 



'^rS:. _J., 



i ;.. Io^lL 



: • : yV ' 1 y i ? i i ■ 



i f i : M i I i i i i; -^--T~T- 



t=r 1-^- 



...lX.J M 




l=i3M..Jk....-ia«^L_in^.tLjii^^ 



Continued on Page 



R^d and Understood Sy ^ 



Signed 



Date 



Signed 



Dale 



7 



0 Notebook No 

ROJECT Continued From Page 




Read and Understood By 



Signed 



Date 



Signed 



Daie t 

8 



PROJECT Notebook Hg. 




Read and Understood By 



10 



EXHIBIT 23 



Technical MilestO} les: 
No changes. 

Technical Progt^ess and Impact (November. December 2000): 

1. Development of transgene constructs. The original proposal involved four 
construas. Two constructs used thymidine kinase as the suicide gene. Two constructs 
used c>l:osine deaminase. One of each of these used the albumin promoter for specific 
expression in the liver. One of each used a CMV pron:ioter, providing universal 
expression. Specific depletion of the hepatoc\1.es would then be accomplished with 
immunoliposonies. 

A critical review and analysis of the proposed genes and promoters led to refinement 
of the proposed constructs. Some of the issues are summarized here. ^ 

Thymidine kinase and male sterility? At the time of the proposal one group had 
obser\^ed male sterility with transgenic mice (Cohen et. al). Since then we have heard of 
another group experiencing the same complication in a new set of transgenic mice using 
tk with an albumin promoter. Tiiis could be a fatal problem with our system. We intend to 
cross homozygous tk boars with wild t^^e sows. Prodrug given to the sow would then 
deplete hepatocytes in the fetuses, but not the sow. Also, the herd can be expanded much 
more rapidly using semen from a homozygous boar. To resolve this problem, we have 
obtained the truncated form of tk, which is not associated with male sterility. ^ 

Albumin or alpha fetoprotein promoter for liver specific expression? For optimal 
utilit5^ the suicide gene should be expressed in the li\"er during both fetal development 
and post-natal development. The initial depletion takes place at about 45 days gestation. 
It could be advantageous, however, to repeat the depletion of pig hepatoc;^nes after the pig 
is boni, or even after the hybrid liver is transplanted. In reviewing the ontogeny of 
albumin, however, albumin was found to be only minimally produced in the fetal pig. 
The alpha fetoprotein promoter was considered. Alpha fetoprotein, however, is expressed 
primarily in fetal development and not post-natal AFP is also expressed In the yolk sac. 
This proved to not be a serious issue since the yolk sac is resorbed before 45 days 
gestation. The proposed constructs with albumin promoter will include AFP enhancers 
(but not the AFP promoter). The construct with an AFP promoter will have the silencer 
depleted, thought to be responsible for reduce-d expression post-natal. If the two 
constructs still lead to expression in only the adult or fetal pig, the transgenic pigs could 
be crossbred to contain both transgenes. 

Bacteria or yeast cytosine deaminase? Most studies use the bacterial cd. There was 
concern, however, that the dose of 5-FU necessar>^ to deplete the cells would also sterilize 
the colon of the sow, leading to problems in raising the pigs. The yeast cd, however, was 
found to be more than 100 times as sensitive as the bacterial cd. The gene has been 
ordered. 

Toxicity of green fluorescent protein? The original proposed constructs would contain 
gfp as a reporter gene, easily detected with ultraviolet light. In addition to assisting with 
the development of transgenic pigs, the expression would provide an easy assay for 
determining chimerism vvltlun the hybrid liver. With the universal expression (CNW 
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promoter), the gfp could also assist with monitoring pig lymphocyte chimerisni, The 
iiterature, however, has conflicting reports of possible toxjcity of gfp. Though anecdotal, 
the development of transgenic gfp monkeys by Dr. A. Chan brought iiome the point. Two 
transgenic monkeys that produced gfp were stiilbom. The only transgenic monkey to 
survive had the gene for gfp, as detected by PGR, but did not express the gfp. 
Consideration was made to have the gfp under the reverse tetracycline inducer. 
Expression would then be induced with an administration of tetracycline. The idea was 
abandoned, however, because of potential effects on the other genes and because of 
licensing and economic issues. We have therefore decided to exclude gj^ from our 
constructs at this time. Dr. R. Prather has a herd of gfp pigs, which are being bred. If 
indicated, our transgenic pigs with the suicide genes could be bred with the gfp pigs. 

Promoter for universal expression of transgene? Although the CMV promoter is 
generally used for universal expression of a transgene, there is increasing evidence that 
expression is not universal or unifonn. We are currently exploring the ubiquitin promoter 
as an alternative. 

Additional utility of transgenes in spillover technologies? Thougli our primary goal is 
to develop hybrid livers for xenotransplantation, that is considered a long-term goal. The 
system would be valuable, however, for spillover technologies which couid provide near- 
term revenues. The growth of human hepatocytes or other human cells in pigs would be 
most useflil for toxicology studies, animal models of human diseases, cost-effective 
production of new drugs, and the development of new vaccines. 

To take advantages of these possibilities, tv^^o feaUires have been included in the 
constructs. The first is the use of a universal promoter, providing expression in all cells. 
Specificity w^ould be provided by immunoliposomes with tissue specific antibodies. This 
has been discussed previously. The second feature conceras in vino purification of 
human cells taken from the hybrid pig. The same suicide genes used to create space for 
engraftment in the pig could be used to eliminate pig ceils from a suspension of cells. To 
be most effective, however, it would be useful to have two suicide genes expressed, 
allowing for a double hit wdth prodrugs. The constructs with the universal promoter will 
also have two suicide genes (tk and cd) separated by an ERES gene. The two liver specific 
constructs will have either cd or tk. The best transgenic pigs from the two herds couid 
then be crossbred. 

j ^The current design for the four constmcts are as follows: 
) a) Alb promoter-.APP enhancers-delta thymiduie kinase 

b) AFP promoter (minus silencer)- yeast cytosine deaminase 

c) CMV promoter-delta thymidine kinase-IRES-yeast cytosine deaminase 

d) Ubiquitin promoter- delta thymidine kinase-IRES-yeast cytosine deaminase 
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The genes and sources are listed in the table: 



Sequence 


Source(s) 


AjRDuimn plus AFP 




enhancers 


at Ximerex, Inc. 


AFP iiiinus first aiid third 


Currently being sequenced 


enhancer and silencing 


at Ximerex. Inc. 


region 




Truncated Thymidine 


D. Klatrmann 


Kinase 




Yeast C3-tosxne 


Imivogen 


Deaminase (FCYi) 




EMCV IRES 


Clontech 


CMV Promoter 


Clontech 



2. Development of Transgenic Pigs. The proposed project intended to produce 
transgenic pigs using perivitelline space injection of high titered ^et^o^'i^uses, a procedure 
developed by Gala Design, LLC. Recently the management of Gala Design requested 
that a license be negotiated before starting work on the project. Ximerex agreed with thai 
suggestion. The issues have been defined and term sheets exchajiged. We are optimistic 
that a license suitable to all be negotiated shortly. In the event, however, that mi 
agreement is not achieved soon, Ximerex has identified an alternative technology for 
developing the transgenic pigs. 

Because the negotiations are taking longer than initially anticipated, Ximerex, Inc. has 
assumed responsibility for producing the constructs. To assist with this work, the 
Company recruited Dr. Carlos E. Sosa, M.D. Dr. Sosa has approximately 10 years 
experience with the molecular biology of viruses and producing constructs. 

We have also discussed in detail work with Dr. Randall Prather, Professor of Animal 
Sciences at University of Missouri, Columbia. Dr. Prather has first hand experience in 
producing transgenic pigs using both the Gala technology and our alternate technology. 
Some of the pigs will be produced at the Univ. Missouri and some will be produced at the 
UNMC satellite facility in Oakland Nebraska. lACUC approval for the changes has been 
applied for at both institutions. 

At this time, it is believed that the changes in plans will not significantly affect our 
timetable or overall budget. 

4. Infusion of Normal Fetal Pigs with Human Hepatoc-ytes, Immunolipo somes. 
Prodrug. Due to policy changes caused by a merger of the UNMC with a local hospital, 
the personnel and equipment previously used for fetal pig injections are no longer 
available. Alternative arrangements have been made. 

One weakness of our technology- was the inability to stain tissues for human cells. 
Immuuoperoxidase stains have now been developed, which are specific and can be used 
with frozen and fixed tissue sections. We are now staining tissues collected from previous 
studies for cells producing human albumin. 
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EXHIBIT 25 



July 5, 2000 



Gordon Todd m, Ph.D. 

David A. Crouse, Ph.D. 

Co-Chairs, lACUC 

3022 Eppley Science Hafi" 

Uniysity of Nebraska Medical Center 

600 South 42iid Street 

Omaha, Nebraska 68198-6810 



Re: ^J^-J'^tocoIentitledHh^an/PigHybridLive^for Transplamati^^ 

DearDrs. Todd and Crouse: 

present the final materials onZy U SaTinSt i "^^^ ^"'^ "^^"^ 

then. ,t would help greativ m ob aininJf^^^^^^^ '^""l^ ^'^'"P^^*^ before 

able to give you more time. " ^ ' P'""^^ ^ apologize for not being 

pigljeS^ra^d ct^^^ ' '^'^^^^ C P-tocol. However, the fetal 

protocol 98-012.04 S^IS-^'Z '^^"^P^^^^'^^s t^at were approW for 
transgenic pigs are P^S^^aft^ Sil^^ ^ ^^^^ The'Lluation of 

inaction of prod4ori..n„o£StrJ^^^^^ 

werSf^SSt^a^i^^^^ 
Transgenic Monse fecilitv at Sc S^St J^T'^k'*"'' 
Salbaum, Ph.D.). The tra;isoen^c d^s wn,,H 1^ J *T ""^'^''^^^ ^'^'""^^ 0-^- 
(Urbana, IL, Matthew ?Ser Ph D 7 ^""^"^ """^^ ''''''''''^ 



Sincerely, 



m U -rr r "OJWSCJUC pigs V 

(Urbana, IL, Matthew Wheeler, Ph.D.) 

Thank you for your help and for your patience. 



Wiifiam E. Beschomer' M.D. 

Professor of Surgery 
End. Transplantation, UNMC 



EXHIBIT 26 



November 15, 2000 



Reference; Transgenic mice for Hybrid Liver Project 

J. Michael Salbaum, Ph.D. 

Director, Transgenic Core Laboratory 

Center for Human Genetics 

Monroe Meyer Institute 

986395 Nebraska Medical Center 

Omaha, Nebraska 68198-6395 

Dear Dr. Salbaum 

develop ng transgenic mice. These mice would be used for developing technoloEv 
leading to the engraftment of human ceUs in transgenic pigs. t^^^"oJ»gv 

l!lrir '""^ ^^^^ constaicts. Each contract would contain green 

fluorescent protein as a reporter gene and a suicide gene Our studies wouW rS« 
homozygous male mice. The background strain wodd be Fm ^ 
The approved lACUC protocol that would accept the trangenic mice is 00-0094 
I^hopejhat your laboratory can help us with this project. We look forward to working 

Sincerely, 




William E. Beschomer, M.D. 
Professor of Surgery, UNMC 



EXHIBIT 2 7 



5. Mouse Model of Hepaiocyte Depletion. As indicated previously, arrangements 
liave been made with tiie c^ore transgenic mouse facility of the UNMC. The constructs for 
the transgenic mice are being prepared (see above). 

We discussed the possibility of using transgenic mice produced by Eric Sandgren (U. 
Wise.) These mice express thymidine kinase under the albumin promoter. Although Dr. 
Sandgren was agreeable to collaboration, two problems were identified. First, his colony 
currently has mouse hepatitis. Secondly, they had male sterility, which would make it 
difficult to do the fetal studies. 

Sunnnaiy ofProjeci Changes: 

Matthew Wheeler, from the University of Illinois at Urbana-Champaign, is no 
longer available to work with us. As a contingency plan, we are establishing 
collaboration with Randall Prather, Ph.D. at the University of Missouri at 
Columbia. 

Problems and Oppoi'tnnims: 

President and Chief Scientific Officer, William E. Beschomer, has resigned his 
appointment from the University of Nebraska Medical Center to avoid a 
potential conflict of interest with this subcontractor. 

Business Issues: 

Only one piece of additional information that was not included in our Quarterly 
Business Report: We are cun ently negotiating license and use agreement with 
GaJa Design for their leclinologies. 

Upcoming Meetings: 

Noaie Scheduled 
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EXHIBIT 2 8 



March 20,2001 



Reference: Transgenic mice for Hybrid Liver Project 

J. Michael Salbaum, Ph,D. 
Director, Transgenic Core L^oratory 
Center for Human Genetics 
Moiiroe Meyer Institute 
986395 Nebraska Medical Center 
Omaha, Nebraska 68198-6395 

Dear Dr. Salbaum: 

Th.is letter is to sen-e as an agreement between our laboratories regarding the development of 
transgenic mice. If these terms are acceptable with you, please sign and return the original 
letter. 

It IS agreed that your laboraton' will make a best effort at producing ti-ansgenic mice, 
including transfection of up to 500 mouse embryos per construct. For each construct, 
Ximerex, Inc. will reimburse the university $2300 plus indirect costs (approximately 46%). 
The first construct should be ready by the end of April 2001 . 

We plan to provide you with four constaicts. Each constmct would contain a promoter and a 
suicide gene. Our studies would require homoCTgous male tnice. The background strain 
would be FVB. 

The approved lACUC protocol that would accept the trangenic mice is 00-0094. 

We vei7 much appreciate your advice and help with our project to produce hybrid pig organs. 
As discussed, we are setting up a traaisgenic facility to produce pigs, based in large part on 
advice from you and Judy Stribley. In the fiiture, if we can help your laboratory in any way, 
i.e. use of equipment reagents, technology, etc., we would be most pleased to do so. 

Agreed: 

J. Michael Salbaum, Ph.D. Date 

Director, Transgenic Core Laboratory 
Center for Human Genetics 




"3 /-^f ' 



William E. Bescliomer, MD. Date 
Adj. Professor of Surgery, UNMC 
President and CSO, Ximerex, Inc. 
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We have set up this system by generating a stably transfected cell line. PK-15, a pig epiiheJiai 
cell line has been transfected with pGT60 Fcy/xTK. After 2 weeks in selection media containing 
hygromycin B, resistant cell colonies were lifted using glass rings and trypsin, and sub-plated hi 
24 well plates. After the cells gi'ew to confluence, they were plated in 6 well and then in 100 mm 
plates. 

We set up our prodmg-killing assay by using this pGT60 Fcy/xTK PK-I5 stably 
transfected cell lines. Six well plates containing 70 percent confluent PKiS transfected 
cells were added 4m!sl ganciclovir in the culture media. Control cells were given media 
alone. Cells were monitored for death. .After 72 hours, cells with ganciclovir showed 
60% niortaiity. The control cultures without ganciclovir had less than 10% mortality. At 
96 hours 90% of the cells were dead. Cell mortality was measured by Trypan blue 
exclusion staining. 

2. Development of Transgenic Pigs. As detailed in our letter to Dr. Chapekan July 12, 
2001, the best technology for producing transgenic pigs is nuclear transfer (cloning) 
using transfected fetal pig fibroblasts. Tliis technolog\' is relatively efficient, and avoids 
mosaicsm. 

3. Development of ImmunoHposomes. Dr. Joshi's laboratory has produced the first 
liposomes. They are 100-200 nm in diameter and relatively stable. Antibodies have been 
ordered to produce immunoliposomes. 

4. Infusion of Normal Fetal Pigs with Human Hepatocvtes, Immunoliposomes, 
Prodrug, 

Sixteen litters of pigs have been infused with human hepatocytes or bone maixow. The 
hepatocytes were provided by Dr. Strom, Univ. Pittsburgh. They were fresh (not fi'ozen) 
and came from two human donors. The bone man'ow came from 5 human volunteers. 
Eleven of the sixteen litters have or will go to term. Six litters have been delivered. Some 
of the pigs were lost shortly after delivery. The tissues and serum are being evaluated for 
human hepatocytes and human liver proteins. The next group of five litters will be 
dejivered shortly. 

5. Mouse Model of Hepatocyte Depletion. The above tliree constructs have been 
provided to the UNMC transgenic mouse facility. An outbreak of mouse hepatitis forced 
a postponement of the production of transgenic mice. It is expected to resume about 
August 1, 200L This subproject is still on schedule. 

Summary' of Project Changes: 

As described above, we intend to produce transgenic pigs using nuclear transfer 
technology. The nuclei in pig oocytes will be replaced with nuclei from transfected fetal 
fibroblasts. The oocytes are activated and implanted into the surrogate gilts. 

Problems and Opportwiities: 

There were no significant nep^^ problems or opportunities developing this quarter. 
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Figure 7. High power view of porcine iiver stained for human albumin. The upper 
75% of the hepatocytes are producing human albumin. The architecture is normd. 

5. Mouse Model of Hepatoc>^e Depletion. Constmcts containing the albumin 
promoter and thymidine kinsase (Construct A, above) and containing the universal 
promoter and both suicide genes (Construct C, above) were linearized and provided to the 
transgenic mouse core laborato^^^ Tlie DNA was injected into mouse zygotes. Recently 
150 pups were bom. They are currently being screened by PCR for the transgene. 



5 i"^? 



4- 



■C 
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EXHIBIT 32 



Using the- same strategy previously meiitioned, we iransfected the plasmid pGT60xTK/Fcy. ihis 
construct contains two suicide genes (xTK and cytosine deaminase) controlled by ver)' 
powerfial universal or ubiquitous promoters. The selectable antibiotic that we used in this case 
is hygromycin B, 200 ug/nil. 

These cell* lines do not contain GFP so the possibility of visualizing them using the 
fluorescence microscope was not available. 

- SgfAi (671) 

pGTCDUl-f primer .'FCY 
hEFl -HTLV promoter ^ 

pGT60XTK ' P'3TCDU1_R pnm 

Mlul (269) - 

dGTZ-f CMV promoter 

TK :| pGTS-R 4| .•Ns«(662) 



PGT60XTK 



Figure 2. pGT60xTK/FCY showing the two pairs of primers for the promoter suicide gene 
junctions of xTK and FCY genes. 

For this construct we are in the process of selecting cell lines and screening by PGR. 

2. Development of Transgenic Pigs. A license has been negotiated with the intellectual 
property ofllce ofUmversity of Missouri. Transgenic pigs would be produced using nuclear 
transfer tecimology, as developed by Dr. Randall Prather (US #6,21 1,429, Complete ooc>te^ 
activation using an oocyte-modifying agent and a reducing agent). The legal departments of 
Ximerex and the University of Missouri are reviewing the agreement. 

Scott Thompson continues to develop the nuclear transfer technology at Ximerex, inserting 
fetal pig fibroblasts into enucleated pig oocytes. It is anticipated that implantations into 
surrogate sows will begin in February' 2002. 

3. Development of Immunoliposomes. Dr. Shantaram Joshi is enhancing the 
inimunoliposome technology, optimizing the sonication methods used. 

4. Infusion of Normal Fetal Pigs with Human Hepatocytes, Immunoliposomes, Prodrug. 

Fetal pigs (31 to 56 days) were infiised with human cord blood. After they are born, they 
will be analyzed for evidence of human liver proteins in the serum and hepatocytes in the 
tissues. 

5. Mouse Model of Hepatocyte Depletion. 

In order to produce transgenic mice, vector containing pTracerpAlbxTK were cut using 
restriction enzvmes so that areas not essential to the function of the transgene were eliminated. 
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Figure 3. Non-essential areas for transgene function were excised. 

Using the same approach, pGT60xTK./Fcy was also cut with appropriate restriction enzymes 
(Fig 4). 




Figure 4. Non-essential areas for transgene function were excised. 



Twenty micrograms of highly purified, linearized DNA was sent to the UNMC transgenic core 
facility for transgenic mouse production. 

Si.^y eight pups were bom from pTracerp AibxTK. And 92 were born from the mice injected 
with pGT60xTlGTcy traiisgene. These pups can potentially have the aforementioned plasmid 
DNA integrated into their genome. In order to screen these animals, their tails were clipped 
and DNA was extracted. A genomic PGR has been established using primers that span the 
promoter area and the beginning of the suicide gene. Using this PGR approach we have tested 
160 DNA samples from the mouse-tails. Fig 5. shows a typical PGR gel. Lane number 8 shows 
a positive amplicon of 230 bp. M= molecular weight marker 
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Figure 5. Agarose gel stained with ethidium bromide and exposed to LW light. 



We have obtained ten founder mice with these two constructs, see table 2. We are m the 
process of breeding these founders with male or female normal mice to generate the first 
generation of transgenic mice. 





Number of 
Pups 


Number of 
positives 


% 

positives 


Males 


Females 


pTracerpAlbx 


68 


5 


7.35 




n 


TK 










3 


PGT60Fcy 


92 


5 


5.43 


2 



Table 2. Characteristics of transgenic mice. 



Sttmmary of Project Changes: 

There were no new developments in this quarter. 

Problems and Opportvnities: 

There were tio new problems or opportunities this quarter. 

Business Issues: 

There were no new developments this quarter. 

Upcoming Meetings: 

No meethigs w'ere scheduled. 
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EXHIBIT 33 



Technical Milestones: 
No changes. 

TecJrmcal Progress mid Impact (November, December 2000) : 

L Development of transgene constructs. The original proposal involved four 
construas. Two constructs used thymidine kinase as the suicide gene. Two constructs 
used cytosine deaminase. One of each of these used the albumin promoter for specific 
expression in the liver. One of each used a CMV promoter, providing universal 
expression. Specific depletion of the hepatocytes would then be accomplished with 
immunoHposomes, 

A critical review and analysis of the proposed genes and promoters led to refinement 
of the proposed constructs. Some of the issues are summarized here. 

Thymidine kinase and male sterility? At the time of the proposal one group had 
observed male sterility with transgenic mice (Cohen et. al.). Since then we have heard of 
another group experiencing the same complication in a new set of transgenic mice using 
tk with an albumin promoter. This could be a fatal problem with our system. We intend to 
cross homozygous tk boars with wild type sows. Prodrug given to the sow would then 
deplete hepatocytes in the fetuses, but not the sow. Also, the herd can be expanded much 
more rapidly using semen from a homozygous boar. To resolve this problem, we have 
obtained the truncated form of tk, which is not associated with male sterilhy, 

^ Albumin or alpha fetoprotein promoter for liver specific expression? For optimal 
utility, the suicide gene should be expressed in the liver during both fetal development 
and post-natal development. The initial depletion takes place at about 45 days gestation. 
It could be advantageous, however, to repeat the depletion of pig hepatocytes after the pig 
is bom, or even after the hybrid liver is transplanted. In reviewing the ontogeny of 
albumin, however, albumin was found to be only minimally produced in the fetal pig. 
The alpha fetoprotein promoter was considered. Alpha fetoprotein, however, is expressed 
primarily in fetal development and not post-natal. AFP is also expressed in the yolk sac. 
This proved to not be a serious issue since the yolk sac is resorbed before 45 days 
gestation. The proposed constructs with albumin promoter will include AFP enhancers 
(but not the AFP promoter). The construct with an AFP promoter will have the silencer 
depleted, thought to be responsible for reduced expression post-natal. If the two 
constructs still lead to expression in only the adult or fetal pig, the transgenic pigs could 
be crossbred to contain both transgenes. ^ 

Bacteria or yeast cytosine deaminase? Most studies use the bacterial cd. There was 
concern, however, that the dose of 5-FU necessary to deplete the cells would also sterilize 
the colon of the sow, leading to problems in raising the pigs. The yeast cd, however, was 
found to be more than 100 tunes as sensitive as the bacterial cd. TTie gene has been 
ordered. 

Toxicity of green fluorescent protein? The original proposed constructs would contain 
g^ as a reporter gene, easily detected with ultraviolet light. In addition to assisting with 
the development of transgenic pigs, the expression would provide an easy assay for 
determining chimerism within the hybrid liver. With the universal expression (CMV 
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promoter), the gfp could also assist with monitoring pig I^raphocyte chimerism. The 
literature, however, has conflicting reports of possible toxicity of gfp. Though anecdotal, 
the development of transgenic gfp monkeys by Dr. A. Chan brought home the point. Two 
transgenic monkeys that produced gfp were stillborn. The only transgenic monkey to 
survive had the gene for gfp, as detected by PCR, but did not express the gfp. 
Consideration was made to have the gfp under the reverse tetracycline inducer. 
Expression would then be induced with an administration of tetracycline. The idea was 
abandoned, however, because of potential effects on the other genes and because of 
licensing and economic issues. We have therefore decided to exclude gfp from our 
constructs at this time. Dr. R. Prather has a herd of g^ pigs, which are being bred. If 
indicated, our transgenic pigs with the suicide genes could be bred with the pigs. 

Promoter for universal expression of transgene? Although the CMV promoter is 
generally used for universal expression of a transgene, there is increasing evidence that 
expression is not universal or imiform. We are currently exploring the ubiquitin promoter 
as an alternative. 

Additional utility of transgenes in spillover technologies? Though our primary goal is 
to develop hybrid livers for xenotransplantation, that is considered a long-term goal. The 
system would be valuable, however, for spillover technologies which could provide near- 
term revenues. The growth of human hepatocytes or other human cells in pigs would be 
most useful for toxicology studies, animal models of human diseases, cost-effective 
production of new drugs, and the development of new vaccines. 

To take advantages of these possibilities, two features have been included in the 
constructs. The first is the use of a universal promoter, providing expression in ail cells. 
Specificity would be provided by immunoliposomes with tissue specific antibodies. This 
has been discussed previously. The second feature concerns m vitro purification of 
human cells taken ftom the hybrid pig. The same suicide genes used to create space for 
engraftment in the pig could be used to eliminate pig cells from a suspension of cells. To 
be most effective, however, it would be useful to have two suicide genes expressed, 
allowing for a double hit with prodrugs. The constructs with the universal promoter will 
also have two suicide genes (tk and cd) separated by an IRES gene. The two liver specific 
constructs will have either cd or tk. The best transgenic pigs from the two herds could 
then be crossbred. 

The current design for the four constructs are as follows: 

a) Alb promoter-AFP enhancers-delta thymidine kinase 

b) AFP promoter (minus silencer)-'yeast cytosine deaminase 

c) CMV promoter-deha thymidine kinase-IRES-yeast c\losine deaminase 

d) Ubiquitin promoter- delta thymidine kmase-IRES-yeast cytosine deaminase 
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The genes and sources are listed in the table: 



Sequence 



Source(s) 



Albumin plus AFP 
enhancers 

AI^P minus fast and third 
enhancer and silencing 
Fcgton 



Cuixentiy being sequenced 
atXam^ex^Inc. 
Currently being sequenced 
atXttnexex,Inc. 



Truncated Thymidine 

Kinase 

Yeast Cj^osine 
Deaminase (FCYl) 
EMCVIRES 
CMV Promoter 



Clontech 
Clontech 



D. Klatzaaiann 



Invivogen 



2. Development of Transgenic Pigs. The proposed project intended to produce 
transgenic pigs using periviteUine space injection of high titered retroviruses, a procedure 
developed by Gala Design, LLC. Recently the management of Gala Design requested 
that a license be negotiated before starting work on the project. Ximerex agreed with that 
suggestion. The issues have been defined and term sheets exchanged. We are optimistic 
that a license suitable to all will be negotiated shortly. In the event, however, that an 
agreement is not achieved soon, Ximerex has identified an alternative technology for 
developing the transgenic pigs. 

Because the negotiations are taking longer than initially anticipated, Ximerex, Inc. has 
assumed responsibility for producing the constructs. To assist with this work, the 
Company recruited Dr. Carlos E. Sosa, M.D, Dr Sosa has approximately 10 years 
experience with the molecular biology of viruses and producing constructs. 

We have also discussed in detail work with Dr. Randall Prather, Professor of Animal 
Sciences at University of Missouri, Columbia. Dr. Prather has first hand experience in 
producing transgenic pigs using both the Gala technology and our alternate technology. 
Some of the pigs will be produced at the Univ. Missouri and some will be produced at the 
LTNMC satellite facility in Oakland, Nebraska. lACUC approval for the changes has been 
applied for at both institutions. 

At this time, it is believed that the changes in plans will not significantly affect our 
timetable or overall budget. 

4. Infusion of Normal Fetal Pigs with Human Hepatocytes, Immunoliposomes, 
Prodrug. Due to policy changes caused by a merger of the UNMC with a local hospital, 
the personnel and equipment previously used for fetal pig injections are no longer 
available. Alternative arrangements have been made. 

One weakness of our technology was the inability to stain tissues for human cells. 
Immunoperoxidase stains have now been developed, which are specific and can be used 
with frozen and fixed tissue sections. We are now staining tissues collected from previous 
studies for cells producing human albumin. 
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With these sequences, restriction enzyme sites were designed to flank the promoter 
sequence. SpecificaUy, Sda I will be placed about 50 bp upstream of a known DEIII 
transcription factor binding site. Nco I will be placed at the end of the pig promoter UTR 
(untranslated region). 

In a similar fashion, the porcine alpha fetoprotein promoter has been identified a3id 
expanded. The sequence is being determined. 

We are currently isolating the porcine ubiquitin promoter. 

The suicide genes consist of delta thymidine kinase (tk) and yeast cj^osine deaminase 
(fcyl). The deha tk plasmid was obtained from Dr. Klat2marm\ Unfortunately, sequence 
analysis failed to identify the gene. We are currently producing our own truncated gene 
from the wild Herpes simplex virus I (HSV-1) thymidine kinase. 

The fcyl gene has been obtained from Invivogen and the sequence confirmed. 

Synthesis of the constructs. 

The constmct consisting of AFP and fcyl (construct b above) has been produced using 
the human AFP promoter. The pDriveAflj plasmid, containing human a£p and SV40 
enhancer was used as the backbone. The plasmid contains a Zeocin resistance gene. The 
yeast cytosine deaminase gene was inserved in-frame into pDrive, creating pDrive Fey 
(2540 bp). The construct is illustrated in figure 2. 




Figure 2. pDrive Fey constmct 

This constmct will be used for cell lines and transgenic mice. Prior to production of 
transgenic pigs, the human Afp promoter will be replaced with the porcine counterpart. 

Using the same strategy, the HSV-1 TK gene was cloned behind the hAFP promoter, 
producing the pDrive HSV-1 TK (3200 bp, figure 3). The HSV-1 tk was subcloned from 
the commercially available pOrf HSV-1 TK (InvivoGen). 
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-SV43Ertm:ef 




Figure 2 



b, pDrive sTK 

This construct contains the SV40 enhancer and the porcine albumin promoter that controls 
expression of a mutated version of the Herpes Simplex virus (HSV) thymidine kinase (xTK) 
gene (Fig 3). The gene was mutated by two rounds of site directed mutagenesis, resulting in the 
replacement of adenosine for c>^osine at nucleotides 138 and 180. The nucleotide replacements 
resulted in a codon change such that a leucine replaces a methionine. These changes do not 
affect the enz>^matic activity of the gene, since the catalytic pocket is located far away JBroin the 
mutations. Expression of the TK gene in the testis would result in the infertility of the founder 
males, with catastrophic economical problems. The two codon changes prevent the ectopic 
expression of the TK gene in testis'*. 
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July 5, 2000 



Gordon Todd m, Ph.D. 

David A. Crouse, Ph.D. 

Co-Chairs, lACUC 

3022 Eppley Science Hafi" 

Uniysity of Nebraska Medical Center 

600 South 42iid Street 

Omaha, Nebraska 68198-6810 



Re: ^J^-J'^tocoIentitledHh^an/PigHybridLive^for Transplamati^^ 

DearDrs. Todd and Crouse: 

present the final materials onZy U SaTinSt i "^^^ ^"'^ "^^"^ 

then. ,t would help greativ m ob aininJf^^^^^^^ '^""l^ ^'^'"P^^*^ before 

able to give you more time. " ^ ' P'""^^ ^ apologize for not being 

pigljeS^ra^d ct^^^ ' '^'^^^^ C P-tocol. However, the fetal 

protocol 98-012.04 S^IS-^'Z '^^"^P^^^^'^^s t^at were approW for 
transgenic pigs are P^S^^aft^ Sil^^ ^ ^^^^ The'Lluation of 

inaction of prod4ori..n„o£StrJ^^^^^ 

werSf^SSt^a^i^^^^ 
Transgenic Monse fecilitv at Sc S^St J^T'^k'*"'' 
Salbaum, Ph.D.). The tra;isoen^c d^s wn,,H 1^ J *T ""^'^''^^^ ^'^'""^^ 0-^- 
(Urbana, IL, Matthew ?Ser Ph D 7 ^""^"^ """^^ ''''''''''^ 



Sincerely, 



m U -rr r "OJWSCJUC pigs V 

(Urbana, IL, Matthew Wheeler, Ph.D.) 

Thank you for your help and for your patience. 



Wiifiam E. Beschomer' M.D. 

Professor of Surgery 
End. Transplantation, UNMC 
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November 15, 2000 



Reference; Transgenic mice for Hybrid Liver Project 

J. Michael Salbaum, Ph.D. 

Director, Transgenic Core Laboratory 

Center for Human Genetics 

Monroe Meyer Institute 

986395 Nebraska Medical Center 

Omaha, Nebraska 68198-6395 

Dear Dr. Salbaum 

develop ng transgenic mice. These mice would be used for developing technoloEv 
leading to the engraftment of human ceUs in transgenic pigs. t^^^"oJ»gv 

l!lrir '""^ ^^^^ constaicts. Each contract would contain green 

fluorescent protein as a reporter gene and a suicide gene Our studies wouW rS« 
homozygous male mice. The background strain wodd be Fm ^ 
The approved lACUC protocol that would accept the trangenic mice is 00-0094 
I^hopejhat your laboratory can help us with this project. We look forward to working 

Sincerely, 




William E. Beschomer, M.D. 
Professor of Surgery, UNMC 
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5. Mouse Model of Hepaiocyte Depletion. As indicated previously, arrangements 
liave been made with tiie c^ore transgenic mouse facility of the UNMC. The constructs for 
the transgenic mice are being prepared (see above). 

We discussed the possibility of using transgenic mice produced by Eric Sandgren (U. 
Wise.) These mice express thymidine kinase under the albumin promoter. Although Dr. 
Sandgren was agreeable to collaboration, two problems were identified. First, his colony 
currently has mouse hepatitis. Secondly, they had male sterility, which would make it 
difficult to do the fetal studies. 

Sunnnaiy ofProjeci Changes: 

Matthew Wheeler, from the University of Illinois at Urbana-Champaign, is no 
longer available to work with us. As a contingency plan, we are establishing 
collaboration with Randall Prather, Ph.D. at the University of Missouri at 
Columbia. 

Problems and Oppoi'tnnims: 

President and Chief Scientific Officer, William E. Beschomer, has resigned his 
appointment from the University of Nebraska Medical Center to avoid a 
potential conflict of interest with this subcontractor. 

Business Issues: 

Only one piece of additional information that was not included in our Quarterly 
Business Report: We are cun ently negotiating license and use agreement with 
GaJa Design for their leclinologies. 

Upcoming Meetings: 

Noaie Scheduled 
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March 20,2001 



Reference: Transgenic mice for Hybrid Liver Project 

J. Michael Salbaum, Ph,D. 
Director, Transgenic Core L^oratory 
Center for Human Genetics 
Moiiroe Meyer Institute 
986395 Nebraska Medical Center 
Omaha, Nebraska 68198-6395 

Dear Dr. Salbaum: 

Th.is letter is to sen-e as an agreement between our laboratories regarding the development of 
transgenic mice. If these terms are acceptable with you, please sign and return the original 
letter. 

It IS agreed that your laboraton' will make a best effort at producing ti-ansgenic mice, 
including transfection of up to 500 mouse embryos per construct. For each construct, 
Ximerex, Inc. will reimburse the university $2300 plus indirect costs (approximately 46%). 
The first construct should be ready by the end of April 2001 . 

We plan to provide you with four constaicts. Each constmct would contain a promoter and a 
suicide gene. Our studies would require homoCTgous male tnice. The background strain 
would be FVB. 

The approved lACUC protocol that would accept the trangenic mice is 00-0094. 

We vei7 much appreciate your advice and help with our project to produce hybrid pig organs. 
As discussed, we are setting up a traaisgenic facility to produce pigs, based in large part on 
advice from you and Judy Stribley. In the fiiture, if we can help your laboratory in any way, 
i.e. use of equipment reagents, technology, etc., we would be most pleased to do so. 

Agreed: 

J. Michael Salbaum, Ph.D. Date 

Director, Transgenic Core Laboratory 
Center for Human Genetics 




"3 /-^f ' 



William E. Bescliomer, MD. Date 
Adj. Professor of Surgery, UNMC 
President and CSO, Ximerex, Inc. 
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Contini-'sa From Pags _ 



ScaJ C6973) 
Pyug (6863) , 
Amp-,i 

Eam1105?(6493)' 
CoLEI origin- 



j- Pad (214) 
r Swal (222) 
/ :Bsmf(3iO) 

I i' r EcoRi (512) 
I; ;rP5^^(597) 

I I ; i r Ps« (903) 
/ ; : ; ; : hsvTK 

'■: f Nrul(1356) 




I / : I li SnaBI (14O8) 
^rf..,.,;! i : // r Van91I (1474) 
/ ;A/r ^« (1541) 



iijir BsiWJ (1568) 
/^;^/ Neat (1645) 

_ ^7rSpe/(1730) 

f PT^cerSV40hAFPh3vTK W ^^^"IIl 
Sap^(5484)- I (7415 bp) L.J 

SV40polyA ^ 




SgrAI (4699) ^ 
'^spV(4507)-''.' 

BamHJ(440S) ' = ■; : 
• Bsp1407l (4161) " i 
^^c^eJ{4i15) 



l!'^Sdaf/Pstf(2l68) 
j^-Sbfl (2168) 
BstXI (2180) 
. P Notl(2l85) 
i j:^ ;;-Xbal{2197) 
N-' : pPme^(2212) 
; !^8GHpojyA 
•Bpil{2423) 




- P 



Avrli (6609) -.J 
Smal (6444) ' 



HSV^TK 

Drdf (5568) 

BstAPl{5471)-7; 
BsiWi (5412) -7 

mui (5362) 






We have set up this system by generating a stably transfected cell line. PK-15, a pig epiiheJiai 
cell line has been transfected with pGT60 Fcy/xTK. After 2 weeks in selection media containing 
hygromycin B, resistant cell colonies were lifted using glass rings and trypsin, and sub-plated hi 
24 well plates. After the cells gi'ew to confluence, they were plated in 6 well and then in 100 mm 
plates. 

We set up our prodmg-killing assay by using this pGT60 Fcy/xTK PK-I5 stably 
transfected cell lines. Six well plates containing 70 percent confluent PKiS transfected 
cells were added 4m!sl ganciclovir in the culture media. Control cells were given media 
alone. Cells were monitored for death. .After 72 hours, cells with ganciclovir showed 
60% niortaiity. The control cultures without ganciclovir had less than 10% mortality. At 
96 hours 90% of the cells were dead. Cell mortality was measured by Trypan blue 
exclusion staining. 

2. Development of Transgenic Pigs. As detailed in our letter to Dr. Chapekan July 12, 
2001, the best technology for producing transgenic pigs is nuclear transfer (cloning) 
using transfected fetal pig fibroblasts. Tliis technolog\' is relatively efficient, and avoids 
mosaicsm. 

3. Development of ImmunoHposomes. Dr. Joshi's laboratory has produced the first 
liposomes. They are 100-200 nm in diameter and relatively stable. Antibodies have been 
ordered to produce immunoliposomes. 

4. Infusion of Normal Fetal Pigs with Human Hepatocvtes, Immunoliposomes, 
Prodrug, 

Sixteen litters of pigs have been infused with human hepatocytes or bone maixow. The 
hepatocytes were provided by Dr. Strom, Univ. Pittsburgh. They were fresh (not fi'ozen) 
and came from two human donors. The bone man'ow came from 5 human volunteers. 
Eleven of the sixteen litters have or will go to term. Six litters have been delivered. Some 
of the pigs were lost shortly after delivery. The tissues and serum are being evaluated for 
human hepatocytes and human liver proteins. The next group of five litters will be 
dejivered shortly. 

5. Mouse Model of Hepatocyte Depletion. The above tliree constructs have been 
provided to the UNMC transgenic mouse facility. An outbreak of mouse hepatitis forced 
a postponement of the production of transgenic mice. It is expected to resume about 
August 1, 200L This subproject is still on schedule. 

Summary' of Project Changes: 

As described above, we intend to produce transgenic pigs using nuclear transfer 
technology. The nuclei in pig oocytes will be replaced with nuclei from transfected fetal 
fibroblasts. The oocytes are activated and implanted into the surrogate gilts. 

Problems and Opportwiities: 

There were no significant nep^^ problems or opportunities developing this quarter. 



Page 7 





Figure 7. High power view of porcine iiver stained for human albumin. The upper 
75% of the hepatocytes are producing human albumin. The architecture is normd. 

5. Mouse Model of Hepatoc>^e Depletion. Constmcts containing the albumin 
promoter and thymidine kinsase (Construct A, above) and containing the universal 
promoter and both suicide genes (Construct C, above) were linearized and provided to the 
transgenic mouse core laborato^^^ Tlie DNA was injected into mouse zygotes. Recently 
150 pups were bom. They are currently being screened by PCR for the transgene. 



5 i"^? 
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EXHIBIT 32 



Using the- same strategy previously meiitioned, we iransfected the plasmid pGT60xTK/Fcy. ihis 
construct contains two suicide genes (xTK and cytosine deaminase) controlled by ver)' 
powerfial universal or ubiquitous promoters. The selectable antibiotic that we used in this case 
is hygromycin B, 200 ug/nil. 

These cell* lines do not contain GFP so the possibility of visualizing them using the 
fluorescence microscope was not available. 

- SgfAi (671) 

pGTCDUl-f primer .'FCY 
hEFl -HTLV promoter ^ 

pGT60XTK ' P'3TCDU1_R pnm 

Mlul (269) - 

dGTZ-f CMV promoter 

TK :| pGTS-R 4| .•Ns«(662) 



PGT60XTK 



Figure 2. pGT60xTK/FCY showing the two pairs of primers for the promoter suicide gene 
junctions of xTK and FCY genes. 

For this construct we are in the process of selecting cell lines and screening by PGR. 

2. Development of Transgenic Pigs. A license has been negotiated with the intellectual 
property ofllce ofUmversity of Missouri. Transgenic pigs would be produced using nuclear 
transfer tecimology, as developed by Dr. Randall Prather (US #6,21 1,429, Complete ooc>te^ 
activation using an oocyte-modifying agent and a reducing agent). The legal departments of 
Ximerex and the University of Missouri are reviewing the agreement. 

Scott Thompson continues to develop the nuclear transfer technology at Ximerex, inserting 
fetal pig fibroblasts into enucleated pig oocytes. It is anticipated that implantations into 
surrogate sows will begin in February' 2002. 

3. Development of Immunoliposomes. Dr. Shantaram Joshi is enhancing the 
inimunoliposome technology, optimizing the sonication methods used. 

4. Infusion of Normal Fetal Pigs with Human Hepatocytes, Immunoliposomes, Prodrug. 

Fetal pigs (31 to 56 days) were infiised with human cord blood. After they are born, they 
will be analyzed for evidence of human liver proteins in the serum and hepatocytes in the 
tissues. 

5. Mouse Model of Hepatocyte Depletion. 

In order to produce transgenic mice, vector containing pTracerpAlbxTK were cut using 
restriction enzvmes so that areas not essential to the function of the transgene were eliminated. 
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Figure 3. Non-essential areas for transgene function were excised. 

Using the same approach, pGT60xTK./Fcy was also cut with appropriate restriction enzymes 
(Fig 4). 




Figure 4. Non-essential areas for transgene function were excised. 



Twenty micrograms of highly purified, linearized DNA was sent to the UNMC transgenic core 
facility for transgenic mouse production. 

Si.^y eight pups were bom from pTracerp AibxTK. And 92 were born from the mice injected 
with pGT60xTlGTcy traiisgene. These pups can potentially have the aforementioned plasmid 
DNA integrated into their genome. In order to screen these animals, their tails were clipped 
and DNA was extracted. A genomic PGR has been established using primers that span the 
promoter area and the beginning of the suicide gene. Using this PGR approach we have tested 
160 DNA samples from the mouse-tails. Fig 5. shows a typical PGR gel. Lane number 8 shows 
a positive amplicon of 230 bp. M= molecular weight marker 



Page 6 



Figure 5. Agarose gel stained with ethidium bromide and exposed to LW light. 



We have obtained ten founder mice with these two constructs, see table 2. We are m the 
process of breeding these founders with male or female normal mice to generate the first 
generation of transgenic mice. 





Number of 
Pups 


Number of 
positives 


% 

positives 


Males 


Females 


pTracerpAlbx 


68 


5 


7.35 




n 


TK 










3 


PGT60Fcy 


92 


5 


5.43 


2 



Table 2. Characteristics of transgenic mice. 



Sttmmary of Project Changes: 

There were no new developments in this quarter. 

Problems and Opportvnities: 

There were tio new problems or opportunities this quarter. 

Business Issues: 

There were no new developments this quarter. 

Upcoming Meetings: 

No meethigs w'ere scheduled. 
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Technical Milestones: 
No changes. 

TecJrmcal Progress mid Impact (November, December 2000) : 

L Development of transgene constructs. The original proposal involved four 
construas. Two constructs used thymidine kinase as the suicide gene. Two constructs 
used cytosine deaminase. One of each of these used the albumin promoter for specific 
expression in the liver. One of each used a CMV promoter, providing universal 
expression. Specific depletion of the hepatocytes would then be accomplished with 
immunoHposomes, 

A critical review and analysis of the proposed genes and promoters led to refinement 
of the proposed constructs. Some of the issues are summarized here. 

Thymidine kinase and male sterility? At the time of the proposal one group had 
observed male sterility with transgenic mice (Cohen et. al.). Since then we have heard of 
another group experiencing the same complication in a new set of transgenic mice using 
tk with an albumin promoter. This could be a fatal problem with our system. We intend to 
cross homozygous tk boars with wild type sows. Prodrug given to the sow would then 
deplete hepatocytes in the fetuses, but not the sow. Also, the herd can be expanded much 
more rapidly using semen from a homozygous boar. To resolve this problem, we have 
obtained the truncated form of tk, which is not associated with male sterilhy, 

^ Albumin or alpha fetoprotein promoter for liver specific expression? For optimal 
utility, the suicide gene should be expressed in the liver during both fetal development 
and post-natal development. The initial depletion takes place at about 45 days gestation. 
It could be advantageous, however, to repeat the depletion of pig hepatocytes after the pig 
is bom, or even after the hybrid liver is transplanted. In reviewing the ontogeny of 
albumin, however, albumin was found to be only minimally produced in the fetal pig. 
The alpha fetoprotein promoter was considered. Alpha fetoprotein, however, is expressed 
primarily in fetal development and not post-natal. AFP is also expressed in the yolk sac. 
This proved to not be a serious issue since the yolk sac is resorbed before 45 days 
gestation. The proposed constructs with albumin promoter will include AFP enhancers 
(but not the AFP promoter). The construct with an AFP promoter will have the silencer 
depleted, thought to be responsible for reduced expression post-natal. If the two 
constructs still lead to expression in only the adult or fetal pig, the transgenic pigs could 
be crossbred to contain both transgenes. ^ 

Bacteria or yeast cytosine deaminase? Most studies use the bacterial cd. There was 
concern, however, that the dose of 5-FU necessary to deplete the cells would also sterilize 
the colon of the sow, leading to problems in raising the pigs. The yeast cd, however, was 
found to be more than 100 tunes as sensitive as the bacterial cd. TTie gene has been 
ordered. 

Toxicity of green fluorescent protein? The original proposed constructs would contain 
g^ as a reporter gene, easily detected with ultraviolet light. In addition to assisting with 
the development of transgenic pigs, the expression would provide an easy assay for 
determining chimerism within the hybrid liver. With the universal expression (CMV 
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promoter), the gfp could also assist with monitoring pig I^raphocyte chimerism. The 
literature, however, has conflicting reports of possible toxicity of gfp. Though anecdotal, 
the development of transgenic gfp monkeys by Dr. A. Chan brought home the point. Two 
transgenic monkeys that produced gfp were stillborn. The only transgenic monkey to 
survive had the gene for gfp, as detected by PCR, but did not express the gfp. 
Consideration was made to have the gfp under the reverse tetracycline inducer. 
Expression would then be induced with an administration of tetracycline. The idea was 
abandoned, however, because of potential effects on the other genes and because of 
licensing and economic issues. We have therefore decided to exclude gfp from our 
constructs at this time. Dr. R. Prather has a herd of g^ pigs, which are being bred. If 
indicated, our transgenic pigs with the suicide genes could be bred with the pigs. 

Promoter for universal expression of transgene? Although the CMV promoter is 
generally used for universal expression of a transgene, there is increasing evidence that 
expression is not universal or imiform. We are currently exploring the ubiquitin promoter 
as an alternative. 

Additional utility of transgenes in spillover technologies? Though our primary goal is 
to develop hybrid livers for xenotransplantation, that is considered a long-term goal. The 
system would be valuable, however, for spillover technologies which could provide near- 
term revenues. The growth of human hepatocytes or other human cells in pigs would be 
most useful for toxicology studies, animal models of human diseases, cost-effective 
production of new drugs, and the development of new vaccines. 

To take advantages of these possibilities, two features have been included in the 
constructs. The first is the use of a universal promoter, providing expression in ail cells. 
Specificity would be provided by immunoliposomes with tissue specific antibodies. This 
has been discussed previously. The second feature concerns m vitro purification of 
human cells taken ftom the hybrid pig. The same suicide genes used to create space for 
engraftment in the pig could be used to eliminate pig cells from a suspension of cells. To 
be most effective, however, it would be useful to have two suicide genes expressed, 
allowing for a double hit with prodrugs. The constructs with the universal promoter will 
also have two suicide genes (tk and cd) separated by an IRES gene. The two liver specific 
constructs will have either cd or tk. The best transgenic pigs from the two herds could 
then be crossbred. 

The current design for the four constructs are as follows: 

a) Alb promoter-AFP enhancers-delta thymidine kinase 

b) AFP promoter (minus silencer)-'yeast cytosine deaminase 

c) CMV promoter-deha thymidine kinase-IRES-yeast c\losine deaminase 

d) Ubiquitin promoter- delta thymidine kmase-IRES-yeast cytosine deaminase 
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The genes and sources are listed in the table: 



Sequence 



Source(s) 



Albumin plus AFP 
enhancers 

AI^P minus fast and third 
enhancer and silencing 
Fcgton 



Cuixentiy being sequenced 
atXam^ex^Inc. 
Currently being sequenced 
atXttnexex,Inc. 



Truncated Thymidine 

Kinase 

Yeast Cj^osine 
Deaminase (FCYl) 
EMCVIRES 
CMV Promoter 



Clontech 
Clontech 



D. Klatzaaiann 



Invivogen 



2. Development of Transgenic Pigs. The proposed project intended to produce 
transgenic pigs using periviteUine space injection of high titered retroviruses, a procedure 
developed by Gala Design, LLC. Recently the management of Gala Design requested 
that a license be negotiated before starting work on the project. Ximerex agreed with that 
suggestion. The issues have been defined and term sheets exchanged. We are optimistic 
that a license suitable to all will be negotiated shortly. In the event, however, that an 
agreement is not achieved soon, Ximerex has identified an alternative technology for 
developing the transgenic pigs. 

Because the negotiations are taking longer than initially anticipated, Ximerex, Inc. has 
assumed responsibility for producing the constructs. To assist with this work, the 
Company recruited Dr. Carlos E. Sosa, M.D, Dr Sosa has approximately 10 years 
experience with the molecular biology of viruses and producing constructs. 

We have also discussed in detail work with Dr. Randall Prather, Professor of Animal 
Sciences at University of Missouri, Columbia. Dr. Prather has first hand experience in 
producing transgenic pigs using both the Gala technology and our alternate technology. 
Some of the pigs will be produced at the Univ. Missouri and some will be produced at the 
LTNMC satellite facility in Oakland, Nebraska. lACUC approval for the changes has been 
applied for at both institutions. 

At this time, it is believed that the changes in plans will not significantly affect our 
timetable or overall budget. 

4. Infusion of Normal Fetal Pigs with Human Hepatocytes, Immunoliposomes, 
Prodrug. Due to policy changes caused by a merger of the UNMC with a local hospital, 
the personnel and equipment previously used for fetal pig injections are no longer 
available. Alternative arrangements have been made. 

One weakness of our technology was the inability to stain tissues for human cells. 
Immunoperoxidase stains have now been developed, which are specific and can be used 
with frozen and fixed tissue sections. We are now staining tissues collected from previous 
studies for cells producing human albumin. 
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With these sequences, restriction enzyme sites were designed to flank the promoter 
sequence. SpecificaUy, Sda I will be placed about 50 bp upstream of a known DEIII 
transcription factor binding site. Nco I will be placed at the end of the pig promoter UTR 
(untranslated region). 

In a similar fashion, the porcine alpha fetoprotein promoter has been identified a3id 
expanded. The sequence is being determined. 

We are currently isolating the porcine ubiquitin promoter. 

The suicide genes consist of delta thymidine kinase (tk) and yeast cj^osine deaminase 
(fcyl). The deha tk plasmid was obtained from Dr. Klat2marm\ Unfortunately, sequence 
analysis failed to identify the gene. We are currently producing our own truncated gene 
from the wild Herpes simplex virus I (HSV-1) thymidine kinase. 

The fcyl gene has been obtained from Invivogen and the sequence confirmed. 

Synthesis of the constructs. 

The constmct consisting of AFP and fcyl (construct b above) has been produced using 
the human AFP promoter. The pDriveAflj plasmid, containing human a£p and SV40 
enhancer was used as the backbone. The plasmid contains a Zeocin resistance gene. The 
yeast cytosine deaminase gene was inserved in-frame into pDrive, creating pDrive Fey 
(2540 bp). The construct is illustrated in figure 2. 




Figure 2. pDrive Fey constmct 

This constmct will be used for cell lines and transgenic mice. Prior to production of 
transgenic pigs, the human Afp promoter will be replaced with the porcine counterpart. 

Using the same strategy, the HSV-1 TK gene was cloned behind the hAFP promoter, 
producing the pDrive HSV-1 TK (3200 bp, figure 3). The HSV-1 tk was subcloned from 
the commercially available pOrf HSV-1 TK (InvivoGen). 
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-SV43Ertm:ef 




Figure 2 



b, pDrive sTK 

This construct contains the SV40 enhancer and the porcine albumin promoter that controls 
expression of a mutated version of the Herpes Simplex virus (HSV) thymidine kinase (xTK) 
gene (Fig 3). The gene was mutated by two rounds of site directed mutagenesis, resulting in the 
replacement of adenosine for c>^osine at nucleotides 138 and 180. The nucleotide replacements 
resulted in a codon change such that a leucine replaces a methionine. These changes do not 
affect the enz>^matic activity of the gene, since the catalytic pocket is located far away JBroin the 
mutations. Expression of the TK gene in the testis would result in the infertility of the founder 
males, with catastrophic economical problems. The two codon changes prevent the ectopic 
expression of the TK gene in testis'*. 
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EXHIBIT 40 



Function of liver specific promoters and thymidine kinase in stably transfected cell 
lines. 

Mouse and human liver cell lines were transfected with constructs containing the 
delta thymidine kinase under the porcine albumin or alphafetoprotein (AFP) promoters. 
The mouse cell line (TIB73) is a line of mature hepatocytes, in which albumin is 
expressed. The human cell line (Huh-7) is a line of hepatocellular carcinoma cells, 
expressmg predominantly AFP. The transf^ted cells were tested for thymidine kinase by 
Western blot (figure 4). 



Western Blot Analysis of TK Expression 
under the Control of Different Promoters 



Tm^i Batt-J Controls 

(Albumin) (AFP) " + 



y ./^ # # 



/ / ///// 



Figure 4, Western blot of transfected liver cell lines. As expected, the construct with 
the albumin promoter produced the greatest TK in the TIB-73 line. The construct with the 
AFP promoter expressed the most TK in the Huh-7 line. 

To assess the function of mutated thymidine kinase, Huh-7 cells were stably 
transfected with pTracerpAlbxTK by selecting transfected cells using 20 ug of Zeocin. 
Transfected cells as well as untransfected cells were plated in duplicate in 24 well plates 
at a 40 percent confluence ratio. Gancyclovir was added to the cells in the culture media 
at different concentrations (4 uM, 8uM, and 16 uM). After 5 days, the cells were 
trypstoized, washed twice in PBS and stained with propidiura iodine for FACS analysis, o 
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Gancyclovir Parental Cell Transfected 
Concentration % deatii Cell 



UM 




% death 


4 


32.79 


37.78 


8 


33.98 


49.62 


16 


33.64 


47.60 



uM Gancyclovir 



Figure # 5. Graph depicts percentage of Huh-7 cell death at 5 days incubation with 
different concentrations of gancyclovir in the cell cuhojre media. The parental cell line is 
the un-transfected Huh-7 cell line. Transfected cells are Huh-7 cells that have been 
stably transfected with pTracerpAlbxTK. 

The transfected Huh-7 cells were sensitive to gancyclovir between 4 and 8 uM. The TK 
under the albumin promoter is expressed only to a limited extent in this cell line. 

2. Development of Transgenic Pigs. As detailed in our letter of July 2, 200 1 , because 
of licensing issues, we have decided to produce transgenic pigs using nuclear transfer 
rather than perivitelline space injection. Arrangements have been made to produce some 
of the pigs at the University of Missouri, Columbia and some of the pigs in Nebraska. 
Fetal pig fibroblasts are transfected with the three constructs in Nebraska. The cells will 
be transferred into enucleated pig oocytes in Nebraska and Missouri, Significant progress 
has been made on both of these processes. 

Fibroblasts were cultured from 35-day-old fetal pigs. After the third passage, lie cells 
were transfected with one of the three constructs using electroporation. The cells were 
seeded into culture dishes and cultured for two weeks. The fluorescent colonies were 
isolated and tested by PC31 for a portion of the construct containing the promoter and part 
of the suicide gene. 

Fifteen stably transfected cell lines have been produced and jfrozen with the Albumin- 
delta-TK construct (Construct A, above). Each of these are PCR+. 

We were in the process of isolating cell lines with the universal promoters and both 
suicide genes (Construct C, above), when the incubator failed. We are repeating those 
procedures. 
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r.ir^' ^'^^^^ an improved GFP (Green Fluorescent Protein) gene fused to the Zeocin 




pWpALBxTK pTracerFcy 
Usmg these constructs, we have transfected theHepG2 
cell line, (human hepatocardndma'cell line which 
expresses AFP), Huh-? cell line (human hepatocarcinoma 
ceU Ime, express AFP) and TIB73 (mouse mature 
hepatocyte cell line, expresses albumin). After three days 
m culture, transfected cells were visualized using a 
mverted fluorescent microscope and checked for 
transfection efficiency. Transfection efficiencies varied 
from 10-30%. Transfected cells were sent to be sorted by 
FACS analysis. The fluorescent positive ceUs were plated 
and Zeocin added for selection. 




/ Figured Confocal microscopy of Huh-7 human 

/ cSSw? ^"T^"^^!^ PT^^cer Fey. Two cells demonstrate flu^-escence In the 
U cytoplasm and nucleus. One cell shows fluorescence in the nucleus. 

"^^fl ^""u "'^'"^^^y ^" b« assessed by adding the prodrug in 

culture, and cell death momtored at 72 hours and 4 days after selection. ^ ^ 





We have set up this system by generating a stably transfected cell line. PK-15, a pig epithelial 
cell line has been transfected with pGT60 Fcy/xTK. After 2 weeks in selection media containing 
hygromycin B, resistant cell colonies were lifted using glass rings and trypsin, and sub-plated in 
24 well plates. After the cells grew to confluence, they were plated in 6 well and then in 100 mm 
plates. 

We set up our prodrug-killing assay by using this pGT60 Fcy/xTK PK-15 stably 
transfected cell lines. Six well plates containing 70 percent confluent PK15 transfected 
cells were added 4niM ganciclovir in the culture media. Control cells were given media 
alone. Cells were monitored for death. After 72 hours, cells with ganciclovir showed 
60% mortality. The control cultures without ganciclovir had less than 10% mortality. At 
96 hours 90% of the cells were dead. Cell mortality was measured by Trypan blue 
exclusion staining. 

2. Development of Transgenic Pigs. As detailed in our letter to Dr. Chapekar, July 12, 
2001, the best technology for producing transgenic pigs is nuclear transfer (cloning) 
using transfected fetal pig fibroblasts. This technology is relatively efficient, and avoids 
mosaicsm. 

3. Development of Immunoliposomes. Dr. Joshi's laboratory has produced the first 
liposomes. They are 100-200 nm in diameter and relatively stable. Antibodies have been 
ordered to produce immunoliposomes. 

4. Infijsion of Normal Fetal Pigs with Human Hepatocytes, Immunoliposomes, 
Prodrug. 

Sixteen litters of pigs have been infused with human hepatoc3^es or bone marrow. The 
hepatocytes were provided by Dr, Strom, Univ. Pittsburgh. They were fresh (not frozen) 
and came from tw^o human donors. The bone marrow came from 5 human volunteers. 
Eleven of the sixteen litters have or v«ll go to terni. Six litters have been delivered. Some 
of the pigs were lost shortly after delivery. The tissues and serum are being evaluated for 
human hepatocytes and human liver proteins. The next group of five litters will be 
delivered shortly. 

5. Mouse Model of Hepatocyte Depletion. The above three constructs have been 
provided to the UNMC transgenic mouse facility. An outbreak of mouse hepatitis forced 
a postponement of the production of transgenic mice. It is expected to resume about 
August 1, 2001. This subproject is still on schedule. 

Summary^ of Project Changes: 

As described above, we intend to produce transgenic pigs using nuclear* transfer 
technology. The nuclei in pig oocytes will be replaced with nuclei from transfected fetal 
fibroblasts. The oocytes are activated and implanted into the surrogate gilts. 

Problems and Opporiimities: 

There were no significant new problems or opportunities developing this quarter. 
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A^essment of the Porcine albamin promoter and mutated Thimidine Kinase (xTK) 
activity in a cell culture system : ' 

Huh-7 ceUs were stably transfected with pTracerpAibxTK by selecting transfected cells 
using 20 ug of Zeocrn Transfected cells as well as untransfected cells v^re plated in 
duplicate in 24 weU plates at a 40 percent confluence rado, Gancyclovir was added to the 
ceUs m the culture media at different concentrations (4 uM. 8uM, and 16 uM) Afier 5 

t^F^S^^l-'^ ^'^^ ^^^^^ ^^"^ ^ ^ propidium iodine 




Gancydovir 


Parental Cell Transfected 


Concenbration 


%deam 


Celf 
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32.79 


37.78 


8 


33.98 


49.62 


16 


33.64 


47.60 



uM Gancyclovir 



Fig;jre# . Graph depicts percentage of Huh-7 cell death at 5 <%s incubation vrffli diferent 

^T?it*"T^^^^°t^*x."?*=^^^^ Hieparental cell line istheun-transfected 
Itah-7 cells. Transfected cdls are H«h-7 cells that have been stably h^sfected with pTraceipAJbxTK. 

This experiment shows a moderate difference in gancyclovir sensitivity between 
Wected ceUs (carrying pTracerpAlbxTK) and the parental cells (un-tiansfected). The 
Huh-7 cell bne is an immature hepatocarcinoma ceU line which expresses high titers of 
AtP It was pre<hcted that the expression of the albumin promoter in this cell line would 
not be dramatic; due to the lack of maturation of this ceU line they do not ewess W-h 
titers of albumm. However, we were able to see differences in the percentage of cell 
death between transfected ceHs, 47% of the cells were dead, and un-transfected cells 
34/ooftheceUs were dead. This suggests a modraate activity of Hie xTK in stably ' 
transfected cells. This is important because it allows us to monitor the activity of the 
genetically engineered xTK and conclude that the two point mutations performed in the 
gene have not rendered the TK enzyme inactive 
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Gancydoj^r Parental Cell Transfected 
ConceQiration % death Cell 
% death 



32.79 3778 

8 33.98 49.62 
16 33,64 47.60 



Figure # 5. Graph depicts o^centage of Huh-7 cell death at 5 days incubation with 
different concetitrations bf^ancyclovir in the cell culture media. The parental cell line is 
the un-transfected Uuhy! cell line, Transfected cells are Huh-7 cells that have been 
stably transfected wijii pTraceipAlbxTK, 



The transfected cells were sensitive to gancyclovir between 4 and 8 uM. The TK 
under the albupfin promoter is expressed only to a limited extent in this cell line. 

2. Development of Transgenic Pigs. As detailed in our letter of July 2, 2001, because 
of licensing issues, we have decided to produce transgenic pigs using nuclear transfer 
rather than perivitelline space injection. Arrangements have been made to produce some 
of the pigs at the University of Missouri, Columbia and some of the pigs in Nebraska. 
Fetal pig fibroblasts are transfected with the three constructs in Nebraska. The ceils will 
be transferred into enucleated pig oocytes in Nebraska and Missouri. Significant progress 
has been made on both of these processes. 

Fibrobllsts were cultured from SS-day-old fetal pigs. After the third passage, the cells 
were transfected with one of the three constructs using electroporation. The cells were 
seeded into culture dishes and cultured for two weeks. The fluorescent colonies were 
isolated and tested by PGR for a portion of the construct containing the promoter and part 
of the suicide gene. 

Fifteen stably transfected cell lines have been produced and frozen with the Albumin- 
delta-TK construct (Construct A, above). Each of these are PCR+. 

We were in the process of isolating cell lines with the universal promoters and both 
suicide genes (Construct C, above), when the incubator failed. We are repeating those 
procedures. 
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Technical Progress and Impact (October ihrongh December 200 J): 
1 . Development of transgene constructs. 

There were no changes or developments regarding the constructs. 

Development of stably transfected ceil lines. 

A. Production ofFetal Pig Fibroblasts (FPF) 

Two 35-day-old fetal pigs were obtaining by Caesarian section from one adult sow. The three 
centimeters long fetuses were minced into 1-mm^ pieces and 0.5% trypsin was added, and after 
half hour incubation the isolated cells were filtered. After two washes in PBS the ceils were 
seeded in 170 cm^ flasks with DMEM plus 10% fetal calf serum. After one week, when the 
cultures were confluent, cultures were split into 3 flasks. This is counted as a passage 1. This 
sub-culture procedure was repeated twice. Cells of passage 3 were frozen at -ISO'^C. 

B. Electroporation: 

Betw^een 8 to 10 million FPF cells were transfected by electroporation using the following 
method: 

1 . EPF were diluted in 0.4 ml of PBS and poured into a 0.4 cm electroporation cuvette 
and placed on ice for 10 minutes. 

2. 10-20 ug of linearized pTracerpALBxTK plasmid was added to the cell mixture 

3 . The electroporator was set at 0.300 mV and 0.950 pFahr, and the cells were 
shocked for 31 usee. 

4. Following electroporation, cells were seeded immediately onto a 10 mm plastic 
dish containing DMEM with 10% FCS. 

5. After 48 hours of incubation the media was changed to a DMEM containing 400 
ug/ml ofZeocin. 

6. After three weeks in culture, colonies were scored for fluorescence intensities and 
isolated using glass rings. Colonies isolated this way were transferred to a 24-weil-.plate. 

1, After another 4 days of incubation in the cells were trypsinized and divided in two 
fractions. One fraction was frozen in DMSO and the other was put back in the well for forther 
amplification of the culture followed by DNA extraction and PCR screening for presence of the 
transgene. 

C. Screening fet^4|ie transgene. 

In order to confirm that^cells that we have selected with GFP/Zeocin selection system also 
have the suicide gene stably%tegrated in the cell genome, we performed PCR on DNA isolated 
from transfected FPF. We desigl^primers using a junction area spanning the promoter and 
the beginning of the suicide gene as1)&amiate. This sis one area is highly unlikely to have 
homology to any other chromosome regib^s in the genome and produce false positives, PCR 
conditions were optimized using a gradient^jmble PCR thermocycler. The primers and the 
area chosen for amplification are depicted in Fig^l . 
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2 Development of Transaenic Pigs, The license with the University of Missouri using 
nuclear transfer technology developed by Dr. RandaU Prather has been finalized and signed by 
both parties. Transfected fibroblast lines were sent to Dr. Prather. They have begun the nuclear 
transfer. In culture, the nuclear transfer units (embryos) looked healthy. They were placed in 
surrogate sows. At this time, however, it is too early to report their outcome. 

Scott Thompson, in Omaha Nebraska, has optimized conditions for nuclear transfer in our 
laboratory. We are now implanting 40 to 60 embryos per sow and implanting 1 or 2 sows per 
week. Through the end of March, three sows were implanted with embryos. One sow was bred, 
the other two were not bred. A follow-up ultrasound examination (done in April 2002) showed 
all three sows to be pregnant. While the signiftcance of the bred sow will need to wait until the 
pigs are examined by PGR, the pregnancies in the unbred sows are presumably due to the 
implanted embryos. This observation is very raicoiiraging. 

3 Development of Immunoliposomes. There are no new technical developments. Our originai 
proposal involved immunoliposomes containing antibodies to the asialoglycoprotein receptor. 
That would provide specificity for liver cells, However, we were unable to find available 
antibodies, There were also patent issues involving the polyethylene glycol linkage of 
antibodies to the liposomes. As an alternative, therefore, we will produce liposomes containing 
asialoglycoprotein. The ligand containing liposomes should bind to the liver cells contaimng 
the corresponding receptor^ There do not appear to be any intellectual property issues with this 
approach. According to Dr. JosM, these will likely be more stable than immunoliposomes. 

4. Infusion of Nonnal Fetal Pigs with Human Hepatocytes, Immunoliposomes, Prodrug. 
There are no new developments. 

5. Mouse Model of Hepatocyte Depletion. 

We have continued breeding the Fl and F2 generations of transgenic mice and we also continue 
the screening process by PCR. Table 1 summarizes the stage of the research on these animals. 
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5 . Mouse Model of Hepatoc>^e Depletion. 

At this time we have 13 transgenic mice in the F2 generation that have been tested by PGR. 
The bands are either moderate or intense. We are testing the six mice with intense bands to 
establish if they are homozygous. Three of these mice are males. In the experimental plan, ^ 
homozygous males are to be bred with wild type females, producing heterozygous transgenic 
fetal mice in a normal maternal host. 



Figure 3. PGR gel stained with ethidium bromide and photographed under UV hght. Different 
intensities in 500 base pair band suggests presence of homozygous DNA in the sample. Sample 
C: Positive Control. Sample 1, 5, 6,8,10,13 are possible homozygous mice. 

We are testing Fl mice by Western blots and with gancyclovir to confirm expression of the 
thymidine kinase and function of the protein. 

Projects 6, 7, 8. No progress at this time. 
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Techruca! Progress and Irnpaci (Jcnwary ihrough March 2002): ^ 
1 . Development of transgene constructs. 

Development of stablv transfected cell lines. 

The previous progress report described problems encountered with the construct containing 
both tliymidine kinase and cytosine deaminase under a universal promoter. Two new constructs 
were produced, containing only one suicide gene under a different universal promoter, CMV. 
The plasmids are pTracerCM\^2xTK and pTracerCMV2Fcy. 

The pig fibroblast lines were transfected witli the new plasmids and have been expanded in 
culture. We anticipate using these lines for nuclear transfer in the next quarter. 



2, Development of Transgenic Pigs. 

Last quarter, one sow was implanted with embryos in Missouri and three were implanted in 
Nebraska. The Missouri sow was initially pregnant, but the fetal pigs resorbed at 4 weeks. Two 
of the Nebraska sows showed evidence of pregnancy by ultrasound, though the pigs appeared 
to be lost at 4 and 6 weeks. 

These sows were autopsied. One sow (#752) showed 6 implantation sites. The other sow 
(#88) had 5 implantation sites. A normal fetal pig was recovered from that sow. 

|~ The transgene of this fetus was pTracer pAlbxTK, with the mutated thymidine kinase under 
i an albumin promoter. The vector also contained the green fluorescent protein under the control 
/ of a ubiquitous promoter. Below (figure 1) is the pig photographed under ultraviolet light. Note 
/ the presence of green fluorescence in the area of the liver and in the hooves. 



Figure 1, Six week old fetal pig from sow #88 under ultraviolet light. 

Western blot analysis was performed using an antibody directed against herpesvirus 
thymidine kinase (TK). Different samples were processed by mechanical disruption using a 
buffer containing detergent and proteinase inhibitors. Figure 1 shows a positive band of 
approximately 44 kilodaltons, corresponding to the molecular size of the TK protein. A liver 
sample from fetal pig #88 was subjected of this treatment (lane 1 ) as well as lung tissue (lane 2) 
from the same animal. 
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Figure 2, Western Blot analysis. M: molecular weight marker; lane 1 : lysate of liver from fetus 
#88; lysate of lungs of fetus #88. Thymidine kinase is shown with a molecular weight of 43 Kd 

These observations are significant to this project for two reasons. First, this pig demonstrates 
that the thymidine kinase is expressed in the liver as predicted. Second, at 6 weeks, this pig is 
the approximate of fetal pigs that will be treated with prodrug (gancyclovir). This pig 
demonstrates that the thymidine kinase is expressed at this stage of development. 

During the second quarter. Dr. Prather at the Univ. Missouri transplanted 483 embryos into 
4 sows (all with mutated thymidine kinase under the albumin promoter). One has recycled. One 
sow is too eariy to evaluate. Two of the sows are still pregnant and are scheduled to deliver on 
July 26, 2002 and August 15, 2002. 

During this quarter, Scott Thompson has transplanted 651 embryos into 10 sows (all with 
the mutated thymidine kinase under albumin promoter construa). Three sows are too early to 
evaluate. Four sows have are resorbing fetal pigs. Three sows are still pregnant and are due on 
August 10, 16, and 17. 

3. Development of Immunoliposomes, There are no new technical developments. 

4. Infusion of Normal Fetal Pigs with Human Hepatocytes, Immunoliposomes, Prodrug. 
There are no new developments. 
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lechnical Progf ess cmdimpaci (Juiy through Sepiember 20Q2j: 
1 . Development of traiisgene constiiicts. 

Development of stablv transfected cell lines. 

We mentioned in the last report the transfection of pig cells using the new transgene 
constructs that contain a suicide gene under the control of a povv^erful ubiquitous promoter 
(CMV). Pig fibroblasts were transfected with the new constructs (pTracerCMV'xTK and 
pTracerCMVFcy). We are in the process of isolating stably transfected colonies. We have 
encountered a problem with the transfection of the construct (pTracerCMX^xTK). This 
constnjct has shown very low colony production efficiency. Four transfection experiments 
have been performed but ver}' few colonies have been produced at this time. This maybe due to 
a deleterious effect of the herpesvirus thymidine kinase. It may be expressed in large 
quantities and thus it would be toxic. We consider that the CNW promoter is one of the most 
powerful promoters knovvn and the expression of the enzyme is very high. However, we 
continue trying and are tranfecting a higher number of cells to circumvent this obstacle. 



2, Development of Transgenic Pigs. 

Last quarter, several sows were implanted with embryos in Missouri and two of them were 

pregnant. Dr, Prather used stably transfected cell lines that we produced in our lab in Nebraska. 
The cells have the pig albumin promoter which is liver specific and controls the expression of 
the mutated thymidine kynase. These two sows have delivered; they have given birth to two 
healthy transgenic piglets from one sow and one transgenic piglet from the other. The piglets 
bom in both experiments are males, which is ven,' advantageous for the development of the 
project. They are very healthy and continue to thrive. Samples of ear and umbilical cord were 
used for DNA extraction and PCR was performed to confirm the presence of the transgene. 
The three piglets were shown to be positive for the transgene. Fig 1 shows the characteristic 
band of the promoter thymidine kinase spanning 400 bp. 
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Figure 1. PCR gel stained with ethidium bromide and photographed under light. 

The 400 base pair band shows presence of the transgene. A- First bora piglets: lane 1 and 2 is 
Ximl, lane 3 and 4 is Xim 2, lane 5 and 6 are positive and negative controls respectively. B- 
second bom piglet: lane 1 and 2 are Xim3 , lane 3 and 4 are positive and negative controls 



respectively. M: molecular weight marker. 
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We have performed 600 eiiibr^-o transfers in our lab, these einbryos have been implanted into 
9 sows, on weekly bases. Tiiree types of constructs were used: pTracerAFPFcVj 
pTraceCM\'Tcy and pTracerClVWxTK. Of the nine sows implanted, tliree sows have shown a 
pregnancy by ultrasound scanning wdth due dates of November 2, 9, and 23. Table 1 
summarizes these experiments. 





Date 


1 

1 

Transgene 


Sow ID 


JtiJkM.ILJL Y"^ 

transferred/ 
Parthenotes 


! 

i 

Ultrasound 


Due date 


1 


7/12/2002 


AJFPFcy 


90-1 


41/7 


Pregnant 


11/2/2002 


2 


7/19/2002 


AFP Fey 


424-1 


46/12(5and7) 


Pregnant 


11/9/2002 


3 


7/25/2002 


CMVFcy 


465 


72 


not pregnant 


11/15/2002 


4 


7/26/2002 


CMVFcy 


65-0 


65 


Possible 
Pregnancy 


11/16/2002 


5 


8/2/2002 


CMVFcy 


652 


85 


Pregnant 


11/23/2002 


6 


8/^/2002 


CMVxTK 


263 


50/8 


not pregnant 


12/14/2002 


7 


8/30/2002 


CMVxTK 


654 


49 


not pregixaiit 


12/21/2002 


8 


9/6/2002 


CMVFcy 


456-1 


72/9 


Possible 
Pregnancy 


12/28/2002 


9 


9/13/2002 


AFP Fey 


231-1 


75/9 


not pregnant 


10/4/2003 1 



Table 1. 



3. Development of Iminunoliposomes. 

• Our collaborator, Dr. Shantarara Joshi of the Univ. Nebraska Medical Center, has performed 
experiments to establish the ability of gancyclovir-loaded immunoliposomes, using a 
monoclonal antibody against pig MHC class I, to kill porcine cells that have been stably 
transfected with thymidine kinase. Figure 2 summarizes these experiments. We can see 
from the graph that the empty liposomes do not kill the cells. The concentration of 
gancyclovir that seems to be optimal to kill pig cells in this in vitro model is 50 uJVl. Also 
the activity is very specific because the cells that do not contain the transgene (PK-15) are 
only minimally affected by the immunoUposomes containing prodrug. 
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EXHIBIT 51 
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EXHIBIT 52 



Beth Harrison 



Subject: 



Sent; 

To: 

Cc: 



From: 



Lisa Hemmendlnger 

Thursday, September 19, 2002 12:06 PM 
'beschorner@ximerex.com' 
Beth Harrison; Dale Hoscheit 
RE: Ximerex New Patent Proofread 



Thanks, Bill. We'll file it today. 

Original Message , 

From: beschorner§ximerex. com [mailto:beschornereximerex.com] 
Sent: Thursday, September 19, 2002 10:16 m 
To: Lisa Hemmendlnger 

Subject: Ximerex New Patent Proofread 



The patent is very well done, I didn't have any major changes. 
Several trivial changes were made. The document is in redline 
format showing my changes. Regarding prodrugs that cross the 
placenta, I was able to identify three, including gancyclovir. 
They were added. The corresponding references are in a comment 
Call me (Cell (402)659-6552) if there are additional issues. 
Otherwise go ahead and file it. 
Thanks 1 
Bill 

William E. Beschorner, M.D. 

President and Chief Scientific Officer 

Ximerex, Inc. 

2614 N. 161 Ave. 

Omaha, NE 68116-2461 

Tel: (402)559-2235 Fax: (402)445-2535 
Website: www. ximerex, com 
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Beth Harrison 



From: Lisa Hemmendinger 

Sent: Wednesday. September 18, 2002 8:01 AM 

To: 'beschorner@ximerex,com' 

Cc: Dale Hoscheit; Beth Harrison 

Subject: draft application 



provisional 
application. tXX 

Dear Bill: 

The revision of your draft application is attached. Please review it for accuracy and 
completeness. I*ve embedded a few questions for you in the text. 

We typically do not file claims with provisional applications. However, the specification 
does support the claims you drafted. 

Remember I will be out of the office on Friday, so we should file the application on 
Thursday at the latest. 

Lisa 

Lisa M. Hemmendinger 
Banner & Witcoff, Ltd. 
1001 G Street, N.W. 
Washington, D.C. 20001 

direct phone 202-508-9291 

fax 202-508-9299 

IMPORTANT/CONFIDENTIAL: This message contains information from the law firm of Banner & 
Witcoff, LTD. which may be privileged, confidential, or exempt from disclosure under 
applicable law. If the reader of this message is not the intended recipient, or the 
employee or agent responsible for delivering the message to the intended recipient, you^ 
are hereby notified that any dissemination, distribution, retention, archiving, or copying 
of the communication is strictly prohibited. If you have received thxs communication in 
error, please notify us immediately by return E-mail. 
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Lisa Hemmendinger 



From : besch orn e r @ ximerex.com 

Sent: Monday, September 1 6, 2002 1 0:28 AM 

To: Lisa Hemmendinger 

Subject: RE: New Patent 



Sounds Great ! 
Bill 



Original message 

>Date: Mon, 16 Sep 2002 08:29:16 -0400 

>Froiti: "Lisa Hemmendinger" <Lhe1nmendinger@banne3rwitcoff.com> 

>Subject: RE: New Patent 

>To : <beschorner@ximerex. com> 

> 

>Dear Bill, 
> 

>I'm about half-way through revising it, and I'd like you to 
take a look at it before it^s filed. I would guess either 
tomorrow or Wednesday; Thursday at the absolute latest, as I 
won't be here on Friday. Does this work for you? 
> 

>Iiisa 
> 

> Original Message 

>From: beschorner@ximerex.com [mailto:beschorner@ximerex.com] 
>Sent: Monday, September 16, 2002 8:19 AM 
>To: Lisa Hemmendinger 
>Subject: New Patent 



>Hi Lisa, 

>I wanted to schedule a meeting with a company that is 

>interested in this technology. When do you plan to file the 

>patent?Thanks , 

>Bill 

> 

>William E. Beschomer, M.D. 
>President and Chief Scientific Officer 
>Ximerex, Inc. 
>2614 N. 161 Ave. 
>Omaha, NE 68116-2461 

>Tel: (402)559-2235 Fax: (402)445-2535 
>Website: www.ximerex.com 



William E. Beschorner, M.D, 

President and Chief Scientific Officer 

Ximerex; Inc. 

2614 N. 161 Ave. 

Omaha, NE 68116-2461 

Tel: (402)559-2235 Fax: (402)445-2535 
Webs i t e : www . ximerex . com 
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